ARARARARAARARAARARRAARARAARAR 
AAARAARAARAARRARARARARAARAARARA 
RARAARAARARARAARRARARRARARR 
ARARARARARRRARK 
AARARARARARARAR 
ARAARAAARRAAR 


cll 
NE 
SO 


» ABRAGAGGL OSG RRRRh 
7G, > BRRBRBBEG Oo SB BBRBBRBBG 
ZV BRRRRRRBBB o> OSB ERERRRG 
c%, “& SAFIN, RRR 
BY “AB RARBG 
y SABO SRRRRGAR 
¢ AREER OSB! 
RRB 2 OSaah 
BABES Sah 
ARRAS. > SRR 
& RBBAREBARGA ORBEA 
%Y BBRREBRGG > SRRRRR 
>, BERRA: 
9. V ARBAB! 
CY, REBREESEEBGBA 
7 BRARRRRR RRA aahllalolols 
%, BRBRBEB BRAGG hla 
RRR MrrraaFa Fala lalalalarararaPaba als 


Advanced Micro Devices 


The Am2900 Family 
Data Book 
With Related Support Circuits 


a rai ight © 1978 by Advanced Micro ene , Inc. 
1 Thompson Place, Sunnyvale, California 9408 
Fen 732-2400 TWX: 910- 339- ‘9280 Trex 34-6306 


Advanced Micro Devices cannot assume responsibility for use of any circuitry described other than circuitry entirely 
embodied in an Advanced Micro Devices’ product. 


“TL 

IV. 

V. 

Vi 

VIL. 
Appendix A 
Appendix B 


TABLE OF CONTENTS 


INthODUCHION: #:. ose Vata Oe enS a ain oh carded Bee ibaa be Be a Aled es 1-1 
Am2900 Family Products 
Am2900 Evaluation and Learning Kit........... 0. csc eee eee ec te cence eaees 2-1 
Am2901A Four-Bit Bipolar Microprocessor Slice ............... +e eee eee eee 2-3 

Using the AmM2901A ............ 2. cee e cee eee te teens 2-18 
Am2902 High-Speed Look-Ahead Carry Generator .............-....--005 2-26 
Am2903 Four-Bit Bipolar Microprocessor Slice ............... eee ee eee ees 2-30 

Using the: AMm2903 ves is concshoniaddete esa tekasiiea sear aed 2-39 
Am2904 Status and Shift Control Unit....... 00... cece eee ee eee ees 2-52 
Am2905 Quad Two-Input OC Bus Transceiver 

with Three-State Receiver ........... 0... cece eee cece e eee ees 2-56 
Am2906 Quad Two-Input OC Bus Transceiver with Parity ................. 2-62 
Am2907 Quad Bus Transceiver with Three-State Receiver 

ANG'P ANY a icb io scavdare es owiwe die ale on eeddeve. eens ae RRR AA aaie aed 2-68 
Am2909 Microprogram Sequencer ......... 60. cee eee eee ee eens 2-74 
Am2910 Microprogram Controller ............ cece cece eee eee ee eet eeee 2-88 
Am2911 Microprogram Sequencer ............. eee ce cece cere eee nees 2-74 

Using the AM2909/11 2.22... cece ec ccc eee ee eee nee ee ee 2-83 
Am2913 Priority Interrupt Expander ............. 00 cece eee ee ee eee eee 2-101 
Am2914 Vectored Priority Interrupt Controller ....................--.005. 2-106 

A Microprogrammable Interrupt Structure .................008. 2-114 

Priority Interrupt Encoder Logic Description ................06. 2-130 
Am2915A Quad Three-State Bus Transceiver with Interface Logic .......... 2-136 
Am2916A Quad Three-State Bus Transceiver with Interface Logic .......... 2-142 
Am2917A Quad Three-State Bus Transceiver with Interface Logic .......... 2-148 
Am2918 Quad D Register with Standard and Three-State Outputs ........ 2-154 
Am29LS18 Quad D Register with Standard and Three-State Outputs ........ 2-158 
Am2919 Quad Register with Dual Three-State Outputs .................. 2-163 
Am2920 Octal D-Type Flip-Flop with Clear, Clock Enable 

and Three-State Control ........... 0c cece eee e eee nes 2-168 
Am2921 One-of-Eight Decoder with Three-State Outputs 

and Polarity Control... 2... c ccc eect e ee eee teens 2-173 
Am2922 Eight Input Multiplexer with Control Register ...............0000- 2-178 
Am2925 System Clock Generator and Driver .......... 0. cece cee cee e eens 2-183 
Am2930 Program Control Unit ........... ccc cece eee eee eens 2-184 
Am2940 DMA Address Generator ...... 0... cece cece ee eee ence eens 2-194 
Am2941 Programmable Timer/Counter/DMA Address Generator .......... 2-200 
Am2950/51 8-Bit Parallel /O Port 2.0... .. ccc cece cece eee eee eee 2-208 
Am29700/701 Non-Inverting Schottky 64-Bit Random Access Memories ........ 2-209 
Am29702/703 Schottky 64-Bit Random Access Memories ..............----00s 2-213 
Am29704/705 16-Word by 4-Bit Two-Port RAM’s ............ 0. eee eee er eens 2-217 © 
Am29720/721 Low-Power Schottky 256-Bit Random Access Memories ......... 2-223 
Am29750A/751A 32-Word by 8-Bit PROM’S ........ cece eee e ee eee eee eens 2-229 
Am29760A/761A 256-Word by 4-Bit PROM’S ......... 00. c cece cece ee eee eee eens 2-235 
Am29770/771 2048-Bit Generic Series Bipolar PROM ...................0.00- 2-241 
Am29774/775 4096-Bit Generic Series Bipolar PROM with Output Register ..... 2-247 
Am29803A 16-Way Branch Control Unit ......... 0. eee cc eee 2-256 
Am29811A Next Address Control Unit ......... 0... cece cece eee ee ee ees 2-261 
SYSUOM: 29 5 sai sesdeae edie eve Geatdee alaceere Bebe eieiy aries ake Beak a Sd Grd a eta eae ee ee ae 3-1 
AMDASM ities Seri iw etaserdie ae Sais siete eda oat ang otesedace dea Bet Sle ebay ete ee 4-1 
Schottky and Low-Power Schottky MS] .......... 0... cece eee eee eee eee e eens 5-1 
MOS ESI, «tece eeedi adn Belen ee ate eh RA Pe dies oes oe eee 6-1 
Applications Literature’. 6 sc0 tcc ese giclee eel eee eee ee ee yee eels poe eels Wae 7-1 
Advanced Micro Devices Commitment to Excellence ............... cece eee eects A-1 


Package: Outlines sisi4 outed eee ad oie saa Bu bese wisi a eect tala iene ied gle thecnetk B-1 


INTRODUCTION 


THREE GENERATIONS OF TTL 


Transistor-transistor logic has been the dominant technology 
for digital circuits since it was developed in the mid-1960's. 
It has proven itself to be manufacturable in high volume using 

“an extremely reliable process technology. The processes used 
for TTL have evolved over the years, making components 
smaller, faster and less expensive. Relative to a TTL gate 
manufactured in 1966, a gate on a circuit manufactured today 
occupies 1/5 the area, consumes 1/10 the power, is twice as 
fast and costs less than 1/100 the price. 


The circuits built using TTL technology have gone through 
two generations; the Am2900 Family represents the beginning 
of the third. Each generation consists of circuits which are 
fundamental building blocks of systems — circuits which can 
be interconnected in many different ways to build many 
different systems. Only by producing such universal circuits 

. can manufacturing volumes be high enough to generate the 
rapid cost reductions characteristic of the integrated circuit 
industry. 


The quality which distinguishes one generation from another 
is the level of integration used, and, because of the level of 
integration, the philosophy behind the circuit. 


If one draws a curve plotting the cost of an individual gate 
against the number of gates on a chip, Figure 1 results. 
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Figure 1. MPR-001 


At the left, cost per gate is inversely proportional to the 
number of gates on the chip. The chip is small enough that 
it does not represent a significant portion of the cost of the 
product — it is virtually free. The cost of the product is 
composed of labor in assembly and test, the cost of processing 
an order, shipping and fixed overhead. Doubling the number of 
gates on the chip doesn’t materially affect the cost so the cost 
per gate halves. As the number of gates per chip increases, the 
die begins to cost more, reversing the downward trend. As die 
cost dominates, the cost per gate remains relatively flat until 
the yield of the die begins to decline markedly. The cost per 
gate then begins to rise again. The lowest cost per gate is 
achieved at a level of integration corresponding to the flat 
region. This is the optimum level of integration. 


As technology improves, costs are constantly reduced and the 
optimum level of integration occurs at more and more gates 
per chip. 


The three curves of Figure 2 are the reason for the three 
generations of TTL. Each generation has consisted of funda- 
mental system building blocks designed to take advantage of 
the optimum level of integration at the time. 
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GENERATION | — SSI, 1965 

In 1965, the optimum level of integration was three-to-six 
gates per chip. Users were delighted to buy such chips at 
$10-20 each. The circuits were useful in many systems. They 
consisted of gates — the 7400, 7410, 7420 — and, pressing the 
state of the art, some flip-flops. They were fundamental 
building blocks. 


GENERATION I! — MSI, 1970 


Beginning around 1968, it became economical to put more 
gates on a chip and the industry was faced with a problem: 
How does one put 20 gates on a chip and build a universal 
building block? Clearly, one answer was to bring the inputs 
and outputs off chip as had been done before. But that was 
the wrong answer. The right answer was to redefine funda- 
mental building blocks. The new building blocks fell into seven 
categories: 


Counters 

Decoders 

Multiplexers 

Operators (adders, comparators) 
Encoders 

Registers 

Latches 


All systems could be defined in terms of these seven functions, 
and integrated circuits could be defined at the 20-50 gate/ 
chip level which performed these functions efficiently. This, 
of course, is MSI. Over the last six or seven years, more and 
more circuits of this type have been introduced, utilizing 
standard gold-doped technology, low-power TTL, high-speed 
TTL, Schottky TTL, and now low-power Schottky TTL 
technology. Today, there are over 250 different MSI circuits 
and new ones appear every month. But in today’s technology, 
many of these circuits are not particularly cost effective. They — 
are too small for today’s technology and their costs are labor 
intensive. (Labor costs do not follow traditional semiconductor 
pricing patterns.) In 1977, the optimum level of integration 
for bipolar logic is around 500 gates/chip. 


GENERATION III — The Am2900 Family, 1976 


At a 500-gate-per-chip level of integration, one does not build 
counters, decoders, and multiplexers. A new definition of 
fundamental system functions is needed. Advanced Micro 
Devices has defined these eight categories: 


Introduction 


Data Manipulation 
Microprogram Control 
Macroprogram Control 
Priority Interrupt 
Direct Memory Access 
1/0 Control 

Memory Control 
Front Panel Control 


The Am2900 Family consists of circuits designed to perform 
those functions efficiently. They are fundamental system 
building blocks; they contain hundreds of gates per chip; 
they are fast — utilizing Low-Power Schottky TTL technology; 
they are expandable; they are flexible — useful in emulation; 
and they are driven under microprogram control. 


THE Am2900 FAMILY 


The Am2900 Family consists of a series of LSI building blocks 
designed for use in microprogrammed computers and con- 
trollers. Each device is designed to be expandable and suffi- 
ciently flexible to be suitable for emulation of many existing 
machines. It is the wide variety of machine architectures 
possible with the Am2900 Family which sets it apart from the 
fixed-instruction microprocessors such as the Am9080A. 


While an Am9083A can be used to build a microcomputer with 
only four or five packages, an Am2900 design will require 30 
or 40 or more. The Am9080A design will, therefore, almost 
always be cheaper. But the Am9080A, or any other fixed- 
instruction processor, can execute only one instruction set, so 
it is not really suitable for emulation of another machine. 


Moreover, a fixed-instruction processor operates only on 
words of a single length, usually eight bits. An Am2900 design, 
on the other hand, can be constructed for any word length 
which is a multiple of four bits. 


Many applications require specialized operations to be per- 
formed at relatively high speed. Such functions as multiply 
and divide and special graphic control operations, can be done 
in microcode 10-100 times faster than in fixed-instruction 
MOS processors. 


MICROPROGRAMMED ARCHITECTURE 


Most small processors today are being designed using a tech- 
nique called microprogramming. In microprogrammed systems, 
a large portion of the system’s control is performed by a read 
only memory (usually PROM) rather than large arrays of gates 
and flip-flops. This technique frequently reduces the package 
count in the controller and provides a highly ordered structure 
in the controller, not present when random logic is used. 
Moreover, microprogramming makes changes in the machines’ 
instruction set very simple to perform — reducing the post- 
production engineering costs for the system substantially. 


The Am2900 Family of Bipolar LSI devices has been designed 
for use in microprogrammed systems. Each device performs a 
basic system function and is driven by a set of contro! lines 
from a_ microinstruction. 


Figure 3 illustrates a typical system architecture. There are 
two “sides” to the system. At the left is the control circuitry 
and on the right is the data manipulation circuitry. The block 
labeled “’2901 array” consists of the ALU, scratchpad registers, 
data steering logic (all internal to the Am2901’s), plus left/ 
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right shift contro! and carry lookahead circuit. Data is pro- 
cessed by moving it from main memory (not shown) into the 
2901 registers, performing the required operations on it and 
returning the result to main memory. Memory addresses may 
also be generated in the 2901's and sent out to the memory 
address register (MAR). The four status bits from the 2901's 
ALU are captured in the status register after each operation. 


The logic on the left side is the control section of the com- 
puter. This is where the Am2909, 2910, or 2911 is used. The 
entire system is controlled by a memory, usually PROM, 
which contains long words called microinstructions. Each 
microinstruction contains bits to control each of the data 
manipulation elements in the system. There are, for example, 
nine bits for the 2901 instruction lines, eight bits for the A 
and B register addresses, two or three bits to control the 
shifting multiplexers at the ends of the 2901 array (Figure 19 
or 2901 data sheet), and bits to control the register enables 
on the MAR, instruction register, and various bus transceivers. 
When the bits in a microinstruction are applied to all the data 
elements and everything is clocked, then one small operation 
(such as a data transfer or a register-to-register add) will occur. 


A “machine instruction’’ (such as a minicomputer instruction 
or a 9080A instruction) is performed by executing several 
microinstructions in sequence. Each microinstruction therefore 
contains not only bits to control the data hardware, but also 
bits to define the location in PROM of the next microinstruc- 
tion to be executed. The fields are labeled in Figure 3 as |, CC, 
and BA. The | field controls the sequencer. It indicates where 
the next address is located — the uPC, the stack, or the direct: 
inputs — and whether the stack is to be pushed or popped. 


The CC field contains bits indicating the conditions under 
which the | field applies. These are compared with the condi- 
tion codes in the status register and may cause modification to 
the | field. The comparing and modification occurs in the 
block labeled “control logic’. Frequently this isa PROM or PLA. 
In the case of the Am2910, it is built into the chip. The BA field 
is a branch address or the address of a subroutine. 


PIPELINING 


The address for the microinstructions is generated by the 
sequencer, starting from a clock edge. The address goes from 
the sequencer to the ROM and, an access time later, the micro- 
instruction is at the ROM outputs. 


A pipeline register is a register placed on the output of the 
microprogram memory to essentially split the system in two. 
The pipeline register contains the microinstruction currently 
being executed @. (Refer to the circled numbers in Figure 3.) 
The data manipulation control bits go out to the system 
elements and a portion of the microinstruction is returned to 
the sequencer @ to determine the address of the next micro- 
instruction to be executed. That address (@) is sent to the ROM 
and the next microinstruction @) sits at the input of the 
pipeline register. So while the 2901's are executing one instruc- 
tion, the next instruction is being fetched from ROM. Note 
that there is no sequential logic in the sequencer between the 
select lines and the output. This is important because the loop 
@) to @) to (6) to @ must occur during a single clock cycle. 
During the same time, the loop from @ to must occur in 
the 2901's. These two paths are roughly the same (around 
200ns worst case for a 16-bit system). The presence of the 
pipeline register allows the microinstruction fetch to occur 
in parallel with the data operation rather than serially, allowing 
the clock frequency to be doubled. 
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Figure 3. 


The system shown in Figure 3 works as follows. A sequence 
of microinstructions in the PROM is executed to fetch an 
instruction from main memory. This requires that the program 
counter, often in a 2901 working register, be sent to the 
memory address register and incremented. The data returned 
from memory is loaded into the instruction register. The 
contents of the instruction register is passed through a PROM 
or PLA to generate the address of the first microinstruction 
which must be executed to perform the required function. 
A branch to this address occurs through the sequencer. Several 
microinstructions may be executed to fetch data from memory, 
perform ALU operations, test for overflow, and so forth. Then 
a branch will be made back to the instruction fetch cycle. At 
this point, there may be branches to other sections of micro- 


code. For example, the machine might test for an interrupt 
here and obtain an interrupt service routine address from 
another mapping ROM rather than start on the next machine 
instruction. There are obviously many possibilities. Through- 
out this data book, in application notes, and within data 
sheets, some suggested techniques will be found. 


Additional application notes are in preparation and are planned 
for publication. Advanced Micro Devices’ Applications’ staff 
is available to answer questions and provide technical assistance 
as well. They may be reached by calling (408) 732-2400, or, 
outside California (800) 538-8450. Ask for Am2900 Family 
Applications. 
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THE Am2900 EVALUATION AND LEARNING KIT 


Pictured at the left is the Am2900 Evaluation Kit. The system consists of a 
microprogrammed control unit which controls all the inputs to an Am2901A 
microprocessor slice. Thirty-two bit microinstructions are entered into a RAM 
in the control unit using the switch register. Each microinstruction contains 
bits to control the Am2901A’s A and B addresses, instruction, carry in, and 
data input. Additional bits in the microinstruction control an Am2909 
sequencer which generates the addresses for the microprogram memory. 
Once entered, microinstructions may be executed using a single step clock 
or using a pulse generator. The LED display provides access to nearly every 
signal path in the system. 


Sixteen “sequence control” instructions are available, including execute, 
branch conditional, jump-to-subroutine, return, and loop. Because the set of 
sequence instructions is implemented in a PROM, the user can devise his 
own set of operations by programming a new PROM. 


The kit is supplied with 40 IC’s, all resistors, capacitors, LED’s and switches, 
the PC board, and a manual! containing assembly instructions, theory and a 
set of exercises. The user need only solder the components in place and 
attach a 5 V power supply (2.0 ampere rating). 


Working with the kit, the user will gain familiarity with a high performance 
pipelined microprogrammed architecture, and with the operation of the 
Am2909 and Am2901A. By driving the kit from a pulse generator, the user 
can observe the operation of the components in real time, executing real 
instructions. 


The part number for this kit is Am2900K1. 
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Am2901A 


Four-Bit Bipolar Microprocessor Slice 


DISTINCTIVE CHARACTERISTICS 


@ Two-address architecture -- 
Independent simultaneous access to two working registers saves 
machine cycles. 


Eight-function ALU — 
Performs addition, two subtraction operations, and five logic 
functions on two source operands. 


Flexible data source selection — 
ALU data is selected from five source ports for a total of 203 source © 
operand pairs for every ALU function. 


Leftiright shift independent of ALU ~ 
Add and shift operations take only one cycle. 


Four status flags — 
Carry, overflow, zero, and negative. 


Expandable — 
Connect any number of Am2901A's together for longer word 
lengths. 


Microprogrammable — 
Three groups of three bits each for source operand, ALU function, 
and destination control. 
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GENERAL DESCRIPTION 


The four-bit bipolar microprocessor slice is designed as a high- 
speed cascadable element intended for use in CPU’s, peripheral 
controllers, programmable microprocessors and numerous other 
applications. The microinstruction flexibility of the Am2901A will 
allow efficient emulation of almost any digital computing machine. 


The device, as shown in the block diagram below, consists of a 
16-word by 4-bit two-port RAM, a high-speed ALU, and the as- 
sociated shifting, decoding and multiplexing circuitry. The nine-bit 
microinstruction word is organized into three groups of three bits 
each and selects the ALU source operands, the ALU function, andthe 
ALU destination register. The microprocessor is cascadable with full 
look-ahead or with ripple carry, has three-state outputs, and pro- 
vides various status flag outputs from the ALU. Advanced low- 
power Schottky processing is used to fabricate this 40-lead LSI chip. 


The Am2901A is a pin-for-pin replacement for the Am2901 with 
increased speed, better output drive and reduced: power supply 
current. 


MICROPROCESSOR SLICE BLOCK DIAGRAM 
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Am2901A 


ARCHITECTURE 


A detailed block diagram of the. bipolar microprogrammable 
microprocessor structure is shown in Figure 1. The circuit is a 
four-bit slice cascadable to any number of bits. Therefore, all 
data paths within the circuit are four bits wide. The two key 
elements in the Figure 1 block diagram are the 16-word by 4-bit 
2-port RAM and the high-speed ALU. 


Data in any of the 16 words of the Random Access Memory 
(RAM) can be read from the A-port of the RAM as controlled by 
the 4-bit A address field input. Likewise, data in any of the 16 
words of the RAM as defined by the B address field input can be 
simultaneously read from the B-port of the RAM. The same code 
can be applied to the Aselect field and B select field in which case 
the identical file data will appear at both the RAM A-port and 
B-port outputs simultaneously. 


When enabled by the RAM write enable (RAM EN), new data is 
always written into the file (word) defined by the B address field 
of the RAM. The RAM data input field is driven by a 3-input 
multiplexer. This configuration ‘is used to shift the ALU output 
data (F) if desired. This three-input multiplexer scheme allows the 
data to be shifted up one bit position, shifted down one bit posi- 
tion, or not shifted in either direction. 


The RAM A-port data outputs and RAM 8B-port data outputs 
drive separate 4-bit latches. These latches hold the RAM data 
while the clock input is LOW. This eliminates any possible race 
conditions that could occur while new data is being written into 
the RAM. 


The high-speed Arithmetic Logic Unit (ALU) can perform three 
binary arithmetic and five logic operations on the two 4-bit input 
words R and S. The R input field is driven from a 2-input multi- 
plexer, while the S input field is driven from a 3-input multi- 
plexer, Both multiplexers also have an inhibit capability; that is, 
no data is passed. This is equivalent to a ‘zero’ source operand. 


Referring to Figure 1, the ALU R-input multiplexer has the RAM 
A-port and the direct data inputs (D) connected as inputs. Like- 
wise, the ALU S-input multiplexer has the RAM A-port, the 
RAM B-port and the Q register connected as inputs. 


This multiplexer scheme gives the capability of selecting various 
pairs of the A, B, D, O and ‘0” inputs as source operands to the 
ALU, These five inputs, when taken two at a time, result in ten 
‘possible combinations of source operand pairs. These combin- 
ations include AB, AD, AQ, AO, BD, BQ, BO, DQ, DO and QO. 
It is apparent that AD, AO and AO are somewhat redundant with 
BD, BQ and BO in that if the A address and B address are the 
same, the identical function results. Thus, there are only seven 
completely non-redundant source operand pairs for the ALU. 
The Am2901A microprocessor implements eight of these pairs. 
The microinstruction inputs used to select the ALU source 
operands are the Ig, 17, and Ig inputs. The definition of Io, 14, 
and I9 for the eight source operand combinations are as shown in 
Figure 2. Also shown is the octal code for each selection. 


The two source operands not fully described as yet are the D in- 
put and Q input. The D input is the four-bit wide direct data 
-field input. This port is used to insert all data into the working 
registers inside the device. Likewise, this input can be used in the 
ALU to modify any of the internal data files. The QO register is a 
separate 4-bit file intended primarily for multiplication and 
division routines but it can also be used as an accumulator or 
holding register for some applications. 


The ALU itself is a high-speed arithmetic/logic operator capable 
of performing three binary arithmetic and five logic functions. 
The I3, 14, and 5 microinstruction inputs are used to select the 


ALU function. The definition of these inputs is shown in Figure 3. 
The octal code is also shown for reference. The normal technique 
for cascading the ALU of several devices is in a look-ahead carry 
mode. Carry generate, G, and carry propagate, P, are outputs of 
the device for use with a carry-look-ahead-generator such as the 
Am2902 ('182). A carry-out, C44, is also generated and is avail- 
able as an output for use as the carry flag in a status register. Both 
carry-in (C,,) and carry-out (C,44) are active HIGH. 


The ALU has three other status-oriented outputs. These are F3, 
F = 0, and overflow (OVR). The F3 output is the most significant 
(sign) bit of the ALU and can be used to determine positive or 
negative results without enabling the three-state data outputs. 
F3 is non-inverted with respect to the sign bit output Y3. The 
F = 0 output is used for zero detect. It is an open-collector out- 
put and can be wire OR’ed between microprocessor slices. F = 0 
is HIGH when all F outputs are LOW. The overflow output (OVR} 
is used to flag arithmetic operations that exceed the available 
two’s complement number range. The overflow output (OVR) 
is HIGH when overflow exists. That is, when C,43 and C,4, are 
not the same polarity. 


The ALU data output is routed to several destinations. It can be a 
data output of the device and it can also be stored in the RAM or 
the Q register. Eight possible combinations of ALU destination 
functions are available as defined by the lg, !7, and Ig micro- 
instruction inputs. These combinations are shown in Figure 4. 


The four-bit data output field (Y) features three-state outputs and 
can be directly bus organized. An output control! (OE) is used to 
enable the three-state outputs. When OE is HIGH, the Y outputs 
are in the high-impedance state. 


A two-input multiplexer is also used at the data output such that 
either the A-port of the RAM or the ALU outputs (F) are selected 
at the device Y outputs. This selection is controlled by the Ig, 7, 
and Ig microinstruction inputs. Refer to Figure 4 for the selected 
output for each microinstruction code combination. 


As was discussed previously, the RAM inputs are driven from a 
three-input multiplexer. This allows the ALU outputs to be 
entered non-shifted, shifted up one position (X2) or shifted down 
one position (+2). The shifter has two ports; one is labeled RAMo 
and the other is labeled RAM3. Both of these ports consist of a 
buffer-driver with a three-state output and an input to the multi- 
plexer. Thus, in the shift up mode, the RAM3 buffer is enabled 
and the RAMo multiplexer input is enabled. Likewise, in the shift 
down mode, the RAMg buffer and RAMg3 input are enabled. In 
the no-shift mode, both buffers are in the high-impedance state 
and the multiplexer inputs are not selected. This shifter is con- 
trolled from the Ig, Iz and Ig microinstruction inputs as defined 
in Figure 4. 


Similarly, the Q register is driven from a 3-input multiplexer. [In 
the no-shift mode, the multiplexer enters the ALU data into the 
Q register. In either the shift-up or shift-down:. mode, the multi- 
plexer selects the Q register data appropriately shifted up or 
down. The Q shifter also has two ports; one is labeled Qo and the 
other is Q3. The operation of these two ports is similar to the 
RAM shifter and is also controlled from Ig, 17, and Ig as shown 
in Figure 4. 


The clock input to the Am2901A controls the RAM, the QO register, 
and the A and B data latches. When enabled, data is clocked into 
the Q register on the LOW-to-HIGH transition of the clock. When 
the clock input is HIGH, the A and B latches are open and will 
pass whatever data is present at the RAM outputs. When the 
clock input is LOW, the latches are closed and will retain the 
last data entered. If the RAM-EN is enabled, new data will be 
written into the RAM file (word) defined by the B address field 
when the clock input is LOW. 
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i =a MICRO CODE ee MICRO CODE aii 
SYMBOL 
Octal Function 
Code 
L L L 0 


R Plus S 

S Minus R 
R Minus S 
RORS 
RANDS 
RANDS 

R EX-OR S 
R EX-NOR S 


0oOU00 00 PP 
oOo rPrPWOW|D 
fe a i ae 


Figure 3. ALU Function Control. 


RAM Q-REG. 
MICRO CODE FUNCTION FUNCTION 


Code 
L 30 
mai 
| 2 | 
| 3 | 
=a 
Ee 
|e 


X = Don't care. Electrically, the shift pin is a TTL input internally connected to a three-state output which is in the high-impedance state 
B = Register Addressed by B inputs. 


UP is toward MSB, DOWN is toward LSB. Figure 4. ALU Destination Control. 


rt 


Ch Bal A 

R PlusS 

Cyh=H Atl 

Cn =L —1 =p= 
S Minus R 

Cn=H = A A-D 

Cn=L A-Q-1 ~A-1 D-A-1 D-a— 
R Minus S 

Cn=H A- -B -A D-A D-a 


i=) 
> 


a 


7 |REXNORS| Ava 


+ = Plus; — = Minus; V=OR; A =AND; ¥= EX-OR 


Figure 5. Source Operand and ALU Function Matrix. 





SOURCE OPERANDS AND ALU FUNCTIONS 


There are eight source operand pairs available to the ALU as 
selected by the Io, 14, and Ig instruction inputs. The ALU can 
perform eight functions; five logic and three arithmetic. The 
13, 14, and Ig instruction inputs control this function selection. 
The carry input, Cp, also affects the ALU results when in the 
arithmetic mode. The Cy input has no effect in the logic mode. 
When [fg through Is and Cry are viewed together, the matrix of 


AAQ 
AAB 
DAA 
DAQ 


AVQ 
AVB 
DVA 
DVQ 


AVvQ 
AB 
DVA 
Dva 


ooo$o 


"ZERO" 
47 
af os 


Figure 6. ALU Logic Mode Functions. 
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0 
0 
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Figure 5 results. This matrix fully defines the ALU/source 
operand function for each state. 


The ALU functions can also be examined on a ‘‘task’’ basis, 
i.e., add, subtract, AND, OR, etc. In the arithmetic mode, the 
carry will affect the function performed while in the logic 
mode, the carry will have no bearing on the ALU output. 
Figure 6 defines the various logic operations that the Am2901A 
can perform and Figure 7 shows the arithmetic functions of 
the device. Both carry-in LOW (Cy = 0) and carry-in HIGH 
(Cy = 1) are defined in these operations. 


Octal Ch 


ADD 


Hi - 
lee 


oooco 


NONNIN = = = 
Om OOK COIN PWNHIN BWNHIN FWNHI OO = 


(Negate) 


= 


Subtract 
(1's Comp) 


nie 
>> 


Subtract 
(2's Comp) 


rae aes ah 
Orwondond 


Figure .7. ALU Arithmetic Mode Functions. 
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LOGIC FUNCTIONS FOR G, P, Cn+4, AND OVR Definitions (+ = OR) 

The four signals G, P, Cn+4, and OVR are designed to indicate Po = Ro + So Go = RoSo 
carry and overflow conditions when the Am2901A is in the add P, = Ry +84 G, = R18; 
or subtract mode. The table below indicates the logic equations Po = Ro + So Go = RoSo 
for these four signals for each of the eight ALU functions. The Pao Pa eS Ga = RS 
R and S inputs are the two inputs selected according to Be aS 3 ~ 1393 


Figure 2. C4 


G3 + P3G2 + P3P2G1 + P3P2P1Go + P3P2P;Po9Cph 
C3 = Go + PoG1 + P2P1Go + PoPyPoCy 


Ls 
[werent 
pes Same as R +S equations, but substitute Sj for Sj in definitions ——-————__— 
ee 


Ee Vv P3P2P4Po P3P2P1P9 +Ch P3P2P1P9 +Cph 







Same as R A S equations, but substitute Rj for R; in definitions 


: 
, 
R 


Ss 
s 
AS 
S) 
S 





Same as R ¥ S, but substitute Rj for Rj in definitions 
—_ G3 + P3Go + P3P2Gq 
RVS | Gg+Go+G1+Gq| Gg + PqGq t PgPoGq + P3PQPyPy pG3 FaGe tf ar2Gi See note 
+ P3P2P3Po (Go + Cy) 


Note: [Pz +GgP; +G2G4Po +G2G1GoCp] ¥ [P3+G3P2+G3GaP1+G3G2G 1Po+G3G2G GoCp] += OR 
Figure 8. 








ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Package Type Temperature Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 


AM2901APC P-40 C-1 
AM2901ADC D-40 C-1 
AM2901ADC-B D-40 B-1 
AM2901ADM D-40 C-3 
AM2901ADM-B D-40 B-3 
AM2901AFM F-42 C-3 
AM2901AFM-B F-42 B-3 


AM2901AXC Dice Visual inspection 


Cc 
Cc 
Cc 
M 
M 
M 
M 
Cc 
M 


; to MIL-STD-883 
AM2901AXM Dice Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix 8 for detailed 
outline. Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise 
specified. 

2. C = 0°C to +70°C, M = —55°C to +125°C. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL- 
STD-883, Class B. 





Figure 9. 
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METALLIZATION AND PAD LAYOUT 





DIE SIZE 0.132” X 0.149” 


CONNECTION DIAGRAM 
Top View 


Pin 1 is marked for orientation. 





Figure 10. 


PIN DEFINITIONS 


Ao-3 


Bo-3 


lo-8 


Q3 
RAM3 


RAMp 


Do-3 


The four address inputs to the register stack used to 
select one register whose contents are displayed 
through the A-port. 


The four address inputs to the register stack used to 
select one register whose contents are displayed 
through the B-port and into which new data can be 
written when the clock goes LOW. 


The nine instruction centrol lines to the Am2901A, 
used to determine what data sources will be applied 
to the ALU (lg9;2), what function the ALU will 
perform (l345), and what data is to be deposited in 
the Q-register or the register stack (lg7g). 


A shift line at the MSB of the QO register (Q.3) and the 
register stack (RAM3). Electrically these lines are 
three-state outputs connected to TTL inputs internal 
to the Am2901A. When the destination code on 
167g indicates. an up shift (octal 6 or 7) the three- 
state outputs are enabled and the MSB of the Q 
register is available on the Q3 pin and the MSB of 
the ALU output is available on the RAM3 pin. 
Otherwise, the three-state outputs are OFF (high-im- 
pedance) and the pins are electrically LS-TTL inputs. 
When the destination code calls for a down shift, the 
pins are used as the data inputs to the MSB of the 
Q register (octal 4) and RAM (octal 4 or 5). 


Shift lines like Q3 and RAM3, but at the LSB of the 
Q-register and RAM. These pins are tied to the Q3 
and RAM3 pins of the adjacent device to transfer 
data. between devices for up and down shifts of the 
Q register and ALU data. 


Direct data inputs. A four-bit data field which may 
be selected as one of the ALU data sources for 
entering data into the Am2901A. Dg is the LSB. 


Yo-3 


F3 


Cy+4 
cP 
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FLAT PACK CONNECTIONS 
Top View 


MPR-007 


MPR-006 


Caution: Am2901AFM pinout 
differs from Am2901FM 
on pins 4, 11, 12 and 13, 


The four data outputs of the Am2901A. These are 
three-state output lines. When enabled, they display 
either the four outputs of the ALU or the data on the 
A-port of the register stack, as determined by the 
destination code 1g7g- 


Output Enable. When OE is HIGH, the Y outputs 
are OFF; when OE is LOW, the Y outputs are active 
(HIGH or LOW). 


The carry generate and propagate outputs of the 
Am2901A’s ALU. These signals are used with the 
Am2902 for carry-lookahead. 


Overflow. This pin is logically the Exclusive-OR of 
the carry-in and carry-out of the MSB of the ALU. 
At the most significant end of the word, this pin 
indicates that the result of an arithmetic two’s com- 
plement operation has overflowed into the sign-bit. 


This is an open collector output which goes HIGH 
(OFF) if the data on the four ALU outputs Fo.3 
are all LOW. In positive logic, it indicates the result 
of an ALU operation is zero. 


The most significant ALU output bit. 
The carry-in to the Am2901A’s ALU. 
The carry-out of the Am2901A’s ALU. 


The clock to the Am2901A. The Q register and 
register stack outputs change on the clock LOW-to- 
HIGH transition. The clock LOW time is internally 
the write enable to the 16 x 4 RAM which com- 
promises the ‘’master” latches of the register stack. 
While the clock is LOW, the ‘“‘slave’’ latches on the 
RAM outputs are closed, storing the data previously 
on the RAM. outputs. This allows synchronous: 
master-slave operation of the register stack. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential —0.5 V to +7.0 V 
DC Voltage Applied to Outputs for HIGH Output State —0.5 V to +Vec max. 
DC Input Voltage —0.5 Vto+t5.5 V 
DC Output Current, Into Outputs — 30mA 
DC tnput Current ; —30 mA to +5.0 mA 





OPERATING RANGE 
P/N Suffix Temperature Vec 


Ta=oCctot+70°C | 4.75 Vt05.25V 
DM, FM Tc = ~—55°C 10 +125°C | 4.50 V to 5.50 V 


STANDARD SCREENING 
(Conforms to MIL-STD-883 for Class C Parts} 


MIL-STD-883 Level 
Method Pc, DC 


Pre-Seal Visual Inspection 


100% 


24-hour 5 
Stabilization Bake 1008 C is0°c 100% 
Oo ° 
Temperature Cycle eo eee ba 100% 
10 cycles 


[FineLeak | 1014 [A 5 x 10-8 atm-ce/sec 100% * 
Gross Leak | 1014 C2 Fluorocarbon 100% * 


Electrical Test See below for é 
Subgroups 1 and 7 definitions of subgroups 100% 
Insert Additional Screening here for Class B Parts 
Group A Sample Tests 
Subgroup 1 
Subgroup 2 


Subgroup 3 See below for 
Subgroup 7 definitions of subgroups 





Subgroup 8 
Subgroup 9 


peee reeves ADDITIONAL SCREENING FOR CLASS B PARTS 


| Military (Suffix DMB, FMB) Commercial (Suffix PCB, DCB) 
MIL-STD-883 
| sup | Mbit | constons | tev |__conatons__ | tov | 


125°C, 75°C, 
2 160 hours min. Gord 48 hours min. 








Electrical Test 
Subgroup 1 
Subgroup 2 
Subgroup 3 
Subgroup 7 
Subgroup 9 








Return to Group A Tests in Standard Screening 


GROUP A SUBGROUPS 
(as defined in MIL-STD-883, method 5005) 


pc 25°C 

bc Maximum rated temperature 

DC Minimum rated temperature 

Function 25°C 

Function Maximum and minimum rated 
temperature 

Switching 25°C 

Switching Maximum Rated Temeperature 

Switching Minimum Rated Temperature 
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ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
(Group A, Subgroups 1, 2, and 3) 


Parameters 


VOH 


Description 


Voc = MIN. 
Output HIGH Voltage ce 


Test Conditions (Note 1) 


VIN = VIH OF Vit 


{__ 


Min. 


1OH = —1.6mA 
Yo. ¥1,¥2,¥3 


A 





loH = —1.0mA, Cy+4 2.4 





lOH = —800,A, OVR, P 
loH = —600uA, F3 


2.4 








IOH = —600uA 
RAM, 3, Qo, 3 
toy = —1.6mA, G 








ICEX 


Output Leakage Current 
for F = 0 Output 





VoL 


Vcc = MIN., Von = 5.5V 
VIN = Vin or Vit 





Vec = MIN., 


VIN = VIH 
orViIL 


Output LOW Voltage 


Yo, ¥1,Y2,Y3 


lot = 20mMA (COM’L) 


250 


.~ 
A 





loL = 16mA (MIL) 





G,F=0 


lo. = 16mA 





Cn+4 


lot = 10mA 





OVR, P 


loL = 8.0mA 





m2901A 


Units 


Volts 


Volts 


F3, RAMo, 3, 
Q0,3 


Guaranteed input togical HIGH 
voltage for all inputs (Note 7) 


loL = 6.0mA 





input HIGH Level Volts 











Guaranteed input logical LOW 


voltage for all inputs (Note 7) 
Vec = MIN., ly = -18mMA 


Input LOW Level Volts 








Input Clamp Voltage Volts 
Clock, OE 

Ag, Ay, A2, A3 

Bo, B1, B2, B3 

Do, Dy, D2, D3 

10, 14, !2, 16, Ig 

13, 14, Ig, 17 

RAMo, 3, Qo, 3 (Note 4) 
Cn 

Clock, OE 

Bo, By, B2, B3 

19, '4, 12, 16, 1g 

['3, lq, 15, 7 

RAMg, 3, Qo, 3 (Note 4) 


1s 


Yo. Yt, 
Y2,Y3 





N 
r=) 





Input LOW Current Voc = MAX., Vin = 0.5V 


mA 








Input HIGH Current Vcc = MAX., Vin = 2.7V 

















Input HIGH Current Vcc = MAX., Vin = 5.5V 





Vo =24V 
Vo = 0.5V 
Vo =2.4V 
(Note 4) 


Vo = 0.5V L 
(Note 4) 


| Yo. Y1,Y2, 3,6 
Cn+4 

Vec = MAX. + 0.5V, Vo = 0.5V [ova = 

F3 

RAMo, 3- G9, 3 

Ta = 25°C 

Ta =0°C to +70°C 

Am2901APC, DC - 

Vcc = MAX. Ta =+70°C 

(See Fig. 12) Tc = —55°C to 

+125°C 

To = +125°C 








Off State (High Impedance) 
Output Current 


'0ZH 


Vcc = MAX. 
1oZL 


RAMo, 3 
Qo, 3 














—30 
sieal 
—30 
—-30 
—30 
—30 





Output Short Circuit Current 
(Note 3) 


























| 


Power Supply Current 
(Note 6) 








+— 


Am2901ADM, FM 

















Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 

. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

. These are three-state outputs internally connected to TTL inputs. Input characteristics are measured with |g7g in a state such that the three- 
state output is OFF. 

. “MIL” = Am2901AXM, DM, FM. “COM’L"” = Am2901AXC, PC, DC. 

. Worst case !c¢ is at minimum temperature, 

. These input levels provide zero noise immunity and should only be tested in a static, noise-free environment. 


hwnd 
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ROOM TEMPERATURE TABLE | 
SWITCHING CHARACTERISTICS 

(See next page for AC Characteristics over operating range.) 
Tables |, !I, and Ill below define the timing characteristics of 
the Am2901A at 25°C. The tables are divided into three types 
of parameters; clock characteristics, combinational delays 


CYCLE TIME AND CLOCK CHARACTERISTICS 


Read-Modify-Write Cycle 


(time from selection of 


from inputs to outputs, and set-up and hold time require- A, B registers to end of 
ments. The latter table defines the time prior to the end of the cycle) 

cycle (i.e., clock LOW-to-HIGH transition) that each input must Maximurn Cleek Frequeney'to 
be stable to guarantee that the correct data is written into one Shift OQ Register (50% duty 
of the internal registers. cycle) 


All values are at 25°C and 5.0V. Measurements are made at 
1.5V with Vii = OV and Vi4y = 3.0V. For three-state disable 


tests, C_ = 5.0pF and measurement is to 0.5V change on 
output voltage level. All outputs fully loaded. 


Minimum Clock Period 





TABLE II 
COMBINATIONAL PROPAGATION DELAYS (all in ns, Cy. = 50pF (except output disable tests)) 


TYPICAL 25°C, 5.0V | GUARANTEED 25°C, 5.0V 


Ease 


Ae |e [ae [ae | 
ithmetie model 30 
S ) 
n 





a 


WwW 
Oo 
Ww 


Ww NO nN 
oO oa o 
Ww 
o 





-D larithmetie medey] 30 | 30] 30 
[D(r=x37) Note si] 30 | 30 | — | 
ron «dt 20 20 | 0 
More —=*d a8 | a5 | 8 | 
rigs «4d 38 | a8 | 38 | 
i ae Une 
Se eceene pat = 

a0 | a0 | 








N 
o 
NT ow 
o|o 


WwW 
WwW 
o 


A bypassing 
ALU te Do 


Clock 4 (Note 6) 





SET-UP AND HOLD TIMES (all in ns) (Note 1) TABLE III 


A,B 

Source 

D (arithmetic mode) 
D (I = X37) (Note 5) 
1012 

1345 

1678 

RAMo, 3, 90, 3 


Notes: 1. See next page. 
2. If the B address is used as a source operand, allow for the ‘‘A, B source” set-up time; if it is used only for the destination address, use the 
“*B dest.”’ set-up time. 
. Where two numbers are shown, both must be met. 
““towL” is the clock LOW time. 
. DV 0 is the fastest way to load the RAM from the D inputs. This function is obtained with | = 337. 
. Using Q register as source operand in arithmetic mode. Clock is not normally in critical speed path when Q is not a source. 





Aah 
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SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE FOR Am2901A 


(See previous page for room temperature characteristics.) 


Tables IV, V, and VI below define the timing characteristics 
of the Am2901A over the operating voltage and temperature 
range. The tables are divided into three types of parameters; 
clock characteristics, Combinational delays from inputs to 
outputs, and set-up and hold time requirements. The latter 
table defines the time prior to the end of the cycle (i.e., clock 
LOW-to-HIGH transition) that each input must be stable to 
guarantee that the correct data is written into one of the 
internal registers. 

Measurements are made at 1.5V with Vj_ =OV and Vjy#=3.0V. 
For three-state disable tests, CL = 5.0pF and measurement is 
to 0.5V change on output voltage level. Input rise and fall 
times are 1ns/V. All outputs fully loaded. 


Am2901A 


TABLE IV 
CYCLE TIME AND CLOCK CHARACTERISTICS 


TIME COMMERCIAL MILITARY 


Read-Modify-Write Cycle 
(time from selection of 
A, B registers to end of 
cycle) 












Maximum Clock Frequency to 
Shift Q Register (50% duty 
cycle) | = 432 or 632 


Minimum Clock HIGH Time 


Minimum Clock Period 







Commercial = Am2901APC, DC, XC 
TA = 0°C to +70°C 
Vcc = 4.75 to 5.25V 
Military = Am2901ADM, FM, XM 
Tc = -55°C to +125°C 
Vcc = 4.50 to 5.50V 





TABLE V 
GUARANTEED COMBINATIONAL PROPAGATION DELAYS (all in ns, CL. = S5O0pF (except output disable tests)) 


COMMERCIAL 


[Darithmetie model| a5 [as | as [35 | 57 | 55 
D(i=xa7) (Nore si] ao | «0 | - | - | | — | 


GUARANTEED SET-UP AND HOLD TIMES (all in ns) (Note 1) 





[wrary 


Shift 
Outputs 


286: [|| 90 |i00) | poe] 4a | ea) 607 fim. 


ie ae Ee ee Ee ee 


TABLE V1 





. See Figure 11. 

2. 1f the B address is used as a source operand, allow for the ‘‘A, B source’’ set-up time; if it is used only for the destination address, use the 
“"B dest.” set-up time. 

. Where two numbers are shown, both must be met. 


All times relative to clock LOW-to-HIGH transition. 


. D V Ois the fastest way to load the RAM from the D inputs. This function is obtained with | = 337. 


3 
4. “‘tpwL” is the clock LOW time. 
5 
6. Using QO register as source operand in arithmetic mode. Clock is not normally in critical speed path when Q is not a source. 
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SET-UP AND HOLD TIMES (minimum cycles from each input) time prior to the clock until the hold time after the clock. The 

set-up times allow sufficient time to perform the correct 
Set-up and hold times are defined relative to the clock LOW-to- Operation on the correct data so that the correct ALU data 
HIGH edge. Inputs must be steady at all times from the set-up can be written into one of the registers. 


towt 


(at least 30 ns) 


aera |e 
a a 


° $= 
! a Ta 
en AV aCNVCCVGCVVVGVVCAVUCVGCVV000/¢ 1 SV 


Figure 11. Minimum Cycle Times from Inputs. Numbers Shown are Minimum Data 
Stable Times for Am2901ADC, in ns. See Table V1 for Detailed Information. 


MPR-008 





Icc Versus Temperature 
for Am2901A 








TYPICAL Io¢ 
Vec = 5-0V 





—55 025 70 125 
T-°C 


TEMPERATURE ~ °C 


Figure 12. 


MPR-009 
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MINIMUM CYCLE TIME CALCULATIONS FOR 16-BIT SYSTEMS 
Speeds used in calculations for parts other than Am2901A are 
representative for available MSI parts. 


SEQUENCER 
Am2910 


MICROPROGRAM 


MEMORY 


0) @ 


REGISTER A.B.LC, am2901A OVA REGISTER 
F 
3 


Am29014 F*0 


DATA 


Sn Amaao2 REGISTER 


Ch+z 


MPR-010 
Pipelined System. Add without Simultaneous Shift. 


DATA LOOP CONTROL LOOP 
@ Register Clock to Output 15 (Register Clock to Output 
2901A A.B to G, P 65 +@ Mux Select to Output 
2902 Ga, Pp to Cay, 10 + @2910 CC to Output 
2901A Cp t0 Crag, OVA, Fz, F = 0, Y 50 + @)PROM Access Time 
Register Set-up Time 5 +()Register Set-up Time 
145ns 
Minimum clock period = 145ns 


@ SEQUENCER 
Am2910 
MICROPROGRAM 

MEMORY 


A,B,1LC, BPO 


Am2901A4 
STATUS 
@ REGISTER 
¢, 


DATA 
a Am2902 REGISTER 


Casa 


MPR- 
Pipelined System. Simultaneous Add and Shift Down a 


DATA LOOP CONTROL LOOP 


(4) Register Clock to Output 15 @ Register Clock to Output 
+ @2901A A,B to G, P 65 + © MUX Select to Output 
+ @ 2902 GoPo to Chez 10 +@ 2910 CC to Output 
+ 4) 2901A Cy, to RAMo 50 + (8) PROM Access Time 
+ ©) 2901A RAMg Set-up Time 25 +(@)Register Set-up Time 


165ns 
Minimum clock period = 165ns 


Note: Care is required to define the worst case path at the ends of the array during an add and shift operation. In a shift down (toward LSB), RAMo 
and Qo are available after the A, B-> RAM, Q delay. In a shift up (toward MSB), Q3 is available after the A, B -- RAM, Q delay. RAM3, however, is not 
available until the carry has propagated through the 2902. This is the same as the data loop shown above. If the most significant RAM, output were 
returned through a multiplexer to the RAMg or Qo input, then this path would be longer than the one shown, but this connection is highly unlikely. 
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MINIMUM CYCLE TIME CALCULATIONS FOR 16-BIT SYSTEMS (Cont.) 


SEQUENCER 
@ Am2910 


MICROPROGRAM 
MEMORY 


@ 


© 


CONDITION 
CODE MUX 


© 


Am2901A 


MPR-012 


Non-Pipelined Addressed Based Architecture. Instruction Execute and 
Conditional Branch allowed on Same Cycle (e.g. = subtract and branch if F = 0) 


Due to poor speeds, this type of architecture is not recommended. 
Compare with previous page. 


Minimum clock period = @) Register Clock to output 
+@ PROM Access time 
+@)290TA A, B to G, P 
+ (4) 2902 GoP9 to Cn+z 
+@)2901A Cp to Cy 44, OVR, F3, F = 0 
+ (@Mux Data in to Data out 
+(@)Am2910 Test to address out 
+(@)Register Set-up time 


Note: Extra time needed if shift occurs on same cycle. 
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Am2901A 


PNP 
DRIVEN INPUT DRIVEN INPUT DRIVEN INPUT 


i Qo 3. RAM OE Ag_3, 89-3 
Cc, = 5.0pF, all inputs. 9.3 9.3 


MPR-013 


Co ~ 5.0pF, all outputs. 


Figure 13. Input/Output Current Interface Conditions. 
MPR-014 


MR CEP CET Po Py 


Am9316 


Veco 
Vcc =5.0V 
Frequency = 100KHz 
Ta = 125°C 


This circuit conforms to MIL-STD-883, 
method 1015, condition D. 


Figure 14. Life Test and Burn-in Circuit for Military Class B Parts. 
(Contact Factory for Commercial Burn-in Conditions) 
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USING THE Am2901A 





BASIC SYSTEM ARCHITECTURE 


The Am2901A is designed to be used in microprogrammed 
systems. Figure 15 illustrates such an architecture. The nine 
instruction lines, the A and B addresses, and the D data 
inputs normally will all come from registers clocked at the 
same time as the Am2901A. The register inputs come from a 
ROM or PROM — the ‘‘microprogram store’’. This memory 
contains sequences of microinstructions, typically 28 to 40 
bits wide, which apply the proper control signals to the 
Am2901A‘s and other circuits to execute the desired operation. 


The address lines of the microprogram store are driven from 

the Am2910 microprogram sequencer. This device has facilities 
for storing an address, incrementing an address, jumping to any 
address, and linking subroutines. The Am2910 is controlled by 
some of the bits coming from the microprogram store. Essen-. 
tially these bits are the ‘‘next instruction” control. 


Note that with the microprogram register in-between the micro- 
program memory store and the Am2901A’s, an instruction 
accessed on one cycle is executed on the next cycle. As one 
instruction is executed, the next instruction is being read from 
microprogram memory. In this configuration, system speed is 
improved because the execution time in the Am2901A’s occurs 
in parallel with the access time of the microprogram store. 
Without the “pipeline register”, these two functions must 
occur serially. 


EXPANSION OF THE Am2901A 


The Am2901A is a four-bit CPU slice. Any number of 
Am2901A‘s can be interconnected to form CPU’s of 12, 16, 
24, 36 or more bits, in four-bit increments. Figure 16 illustrates 
the interconnection of three Am2901A‘s to form a 12-bit CPU, 


using ripple carry. Figure 17 illustrates a 16-bit CPU using carry | 


lookahead, and Figure 18 is the general carry lookahead 
scheme for long words. 


With the exception of the carry interconnection,.all expansion 
schemes are the same. Refer to Figure 16. The Q3 and RAM3 
pins are bidirectional left/right shift lines at the MSB of the 
device. For all devices except the most significant, these lines 
are connected to the Qg and RAMg pins of the adjacent more 


Q_ 1/0 
RAMg VO 


Am2901A 
CARRY IN 


OUTPUT 
CONTROL 








significant device. These connections allow the Q-registers of 
all Am2901A’s: to be shifted left or right as a contiguous n-bit | 
register, and also allow the ALU output data to be shifted left 
or right as a contiguous n-bit word prior to storage in the RAM. 
At the LSB and MSB of the CPU, the shift pins should be 
connected to three-state multiplexers which can be controlled 
by the microcode to select the appropriate input signals to the 
shift inputs. (See Figure 19) 


The open collector F = O outputs of all the Am2901A’s are 
connected together and to a pull-up resistor. This line will go 
HIGH if and only if the output of the ALU contains all zeroes. 
Most systems will use this line as the Z (zero) bit of the 
processor status word. 


The overflow and F3 pins are generally used only at the most 
significant end of the array, and are meaningful only when 
two’s complement signed arithmetic is used. The overflow pin 
is the Exclusive-OR of the carry-in and carry-out of the sign 
bit (MSB). It will go HIGH when the result of an arithmetic 


START 
ADDRESS 
DATA IN 


~ Am2910 
MICROPROGRAM 
SEQUENCER Cp 


REGISTER - 


ADDRESS 


MICROPROGRAM 
STORE 
OUT 
28-40 BITS 
(ROM/PROM) 


REGISTER 


CONTROL 
JUMP ADDRESS 


TO OTHER 
DEVICES 
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Figure 15. Microprogrammed Architecture Around Am2901A’s. 


Q44 1/0 
RAM, 1/0 


Am2901A 


MPR-017 


Figure 16. Three Am2901A’s used to Construct 12-Bit CPU with Ripple Carry. Corresponding A, B, and 
| Pins on all Devices are Connected Together. 
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operation is a number requiring more bits than are available, 
causing the sign bit to be erroneous. This is the overflow (V) 
bit of the processor status word. The F3 pin is the MSB of the 
ALU output. It is the sign of the result in two’s complement 
notation, and should be used as the Negative (N) bit of the 
processor status word. 


The carry-out from the most significant Am2901A (Cy+4 pin) 
is the carry-out from the array, and is used as the carry (C) bit 
of the processor status word. 


P 
Am2901A ¢ 
OVR 

F3 

F=0 


CARRY-IN 





Am2901A 


Carry interconnections between devices may use either ripple 
carry or carry lookahead. For ripple carry, the carry-out 
(Ch4+4) of each device is connected to the carry-in (Cy) of the 
next more significant device. Carry lookahead uses the Am2902 
lookahead carry generator. The scheme is identical to that used 
with the 74181/74182. Users unfamiliar with this technique 
should refer to AMD’s application note on Arithmetic Logic 
Units. Figures 17 and 18 illustrate single and multiple level 
lookahead. 


P 
Am2901A ¢.,, 


OvrR 
F3 
F=0 


MPR-018 


Figure 17. Four Am2901A’s in a 16-Bit CPU using the Am2902 for Carry Lookahead. 
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Figure 18. Carry Lookahead Scheme for 48-Bit CPU using 12 Am2901A’s. The Carry-Out Flag (Cag) Should 
be Taken from the Lower Am2902 Rather than the Right-Most Am2901A for Higher Speed. 
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DUAL 4-INPUT 
MULTIPLEXER 


Am25LS253 
DUAL 4-INPUT 
MULTIPLEXER 


Am2901A 


ARRAY 
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Figure 19. Three-State Multiplexers Used on Shift I/O Lines. 


SHIFT I/O LINES AT THE END OF THE ARRAY 


The O-register and RAM left/right shift data transfers occur 
between devices over bidirectional lines. At the ends of the 
array, three-state multiplexers are used to select what the new 
inputs to the registers should be during shifting. The Am2904 
includes these multiplexers in a single LSI chip. Figure 19 
shows two Am25LS253 dual four-input multiplexers connected 
to provide four shift modes. Instruction bit I7 (from the 
Am2901A) is used to select whether the left-shift multiplexer or 
the right-shift multiplexer is active. The four shift modes in 
this example are: 


Zero A LOW is shifted into the MSB of the RAM ona 
down shift. If the Q-register is also shifted, then a 
LOW is deposited in the Q-register MSB. If the 
RAM or both registers are shifted up, LOWs are 
placed in the LSBs. 


One Same as zero, but a HIGH level is deposited in the 
LSB or MSB. 
Rotate A single precision rotate. The RAM MSB shifts 


into the LSB on a right shift and the LSB shifts 
into the MSB on a left shift. The Q-register, if 
shifted, will rotate in the same manner. 


Arithmetic A double-length Arithmetic Shift if Q is also 
shifted. On an up shift a zero is loaded into the 
Q-register LSB and the Q-register MSB is loaded 
into the RAM LSB. On a down shift, the RAM LSB 
is loaded into the Q-register MSB and the ALU 
output MSB (Fn, the sign bit) is loaded into the 
RAM MSB. (This same bit will also be in the next 
less significant RAM bit.) 


Source of New Data 





HARDWARE MULTIPLICATION 


Figure 20 illustrates the interconnections for a hardware multi- 
plication using the Am2901A. The system shown uses two 
devices for 8 x 8 multiplication, but the expansion to more 
bits is simple — the significant connections are at the LSB 
and MSB only. 


The basic technique used is the ‘“‘add and shift” algorithm. One 
clock cycle is required for each bit of the multiplier. On each 
cycle, the LSB of the multiplier is examined; if it is a “1”, then 


Rotate 


Arithmetic 


Zero 
One 
Fo Rotate 
RAMn = RAMn-1 = Fn Arithmetic 


the multiplicand is added to the partial product to generate 
a new partial product. The partial product is then shifted one 
place toward the LSB, and the mujtiplier is also shifted one 
place toward the LSB. The old LSB of the multiplier is 
discarded. The cycle is then repeated on the new LSB of the 
multiplier available at Qo. 


The multiplier is in the Am2901A Q-register. The multiplicand 
is in one of the registers in the register stack, Ra. The product 
will be developed in another of the registers in the stack, Rp. 
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The A address inputs are used to address the multiplicand in 
Ra, and the B address inputs are used to address the partial 
product in Rp. On each cycle, Rg is conditionally added to Rp, 
depending on the LSB of Q as read from the Qo output, and 
both Q and the ALU output are shifted down one place. The 
instruction lines to the Am2901A on every cycle will be: 


Ig7g6 = 4 (shift register stack input and Q register left) 
543 = 0 (Add) 
lo19 = 1or3 (select A, B or 0, B as ALU sources) 


Figure 20 shows the connections for multiplication. The 
circled numbers refer to the paragraphs below. 


1. The adjacent pins of the Q-register and RAM shifters are 
connected together so that the Q-registers of both (or all) 
Am2901A’s shift left or right as a unit. Similarly, the entire 
eight-bit (or more) ALU output can be shifted as a unit 
prior to storage in the register stack. 
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Figure 20. Interconnection for Dedicated Multiplication 
(8 by 8 Bit) (Corresponding A, B and ! Connected Together). 
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R 

| 1{ Multiplicand 
laix 
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e r mei ae 


Move Multiplier to Q 


Program 
8/5/75 


(B—O}/2 
(B—A)/2 


7 Cond. Subt. & Shift 


sree Cond. Add & Shift 
(A+B)/2 


Move LSH Prod. to Ra 


X = Don’t Care S = Source 


Am2901A Microcode 


2's Comp. Multiply 


F = Function 





Am2901A 


2. The shift output at the LSB of the Q-register determines 
whether the ALU source operands will be A and B (add 
multiplicand to partial product) or O and B (add nothing to 
partial product. Instruction bit 1; can select between A, B 
or 0, B as the source operands; it can be driven directly 
fron: the complement of the LSB of the multiplier. 


3. As the new partial product appears at the input to the 
register stack, it is shifted left by the RAM shifter. The new 
LSB of the partial product, which is complete and will not 
be affected by future operations, is available on the RAMg 
pin. This signal is returned to the MSB of the Q-register. On 
each cycle then, the just-completed LSB of the product is 
deposited in the MSB of the Q-register; the Q-register fills 
with the least significant half of the product. 


4. As the ALU output is shifted down on each cycle, the sign 


bit of the new partial product should be inserted in the 
RAM MSB shift input. The F3 flag will be the correct 
sign of the partial product unless overflow has occurred. If 
overflow occurs during an addition or subtraction, the OVR 
flag will go HIGH and F3 is not the sign of the result. The 
sign of the result must then be the complement of F3. The 
correct sign bit to shift into the MSB of the partial product 
is therefore F3 © OVR; that is, Fg if overflow has not 
occurred and F3 if overflow has occurred. On the last cycle, 
when the MSB of the multiplier is examined, a conditional 
subtraction rather than addition should he performed, 
because the sign bit of the multiplier carries negative rather 
than positive arithmetic weight. 


Y = -Yj2i + ¥j_42!-1 +... +¥929 


This scheme will produce a correct two’s complement 
product for all multiplicands and multipliers in two’s 
complement notation. 


Figure 21 is a table showing the input states of the 
Am2901A for each step of a signed, two’s complement 
multiplication. The Am2904 LSI chip conveniently imple- 
ments the required shift linkages and the EX-OR function 
for this algorithm. 


Final Register States 
R 


| 1 [Multipticand_| 
| 2) LSH Product 
| 3] MSH Product | 


Pin States (Octal 


D = Destination 


Figure 21. 
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Hardware Division 


Division, unlike multiplication, is much more difficult to 
realize. One of these difficulties can be easily understood by 
visualizing a 2n-bit Dividend (X) and an n-bit Divisor (Y). The 
Quotient (Q) can range from 1 bit (when X < Y) to 2 n bits 
(when Y = 1), discarding the attempt to divide by 0. In most of 
the divide functions, the Remainder (R) is as important to find 
as is the Quotient — there is no equivalent to it in multiptica- 
tion. Division becomes even more complicated when nega- 
tive numbers are represented in the 2's complement nota- 
tion. In the “everyday” decimal system, using Sign-and- 
Magnitude notation, dealing with negative numbers is rela- 
tively easy: The sign of the quotient is determined first and 
then a normal division is performed. Note that in this ‘‘nor- 
mal” division we first “guess” the first digit of the quotient by 
comparing the most significant part of the dividend to the 
divisor. Then verify our guess by a multiplication (no “direct” 
division method is known), and continue to do so for all ofthe 
other digits, shifting the divisor to the right one place at a 
time. 


The most straightforward division scheme (for unsigned 
numbers) is Subsequent Subtraction. The algorithm is as 
follows: Subtract divisor from dividend and increment a 
counter (initially reset to zero). Continue to do so as long as 
the Remainder is positive. When the Remainder becomes 
negative, cancel the last step; i.e., add back divisor and de- 
crement counter. The counter will contain the Quotient and 
the Remainder will be correct. The main drawback of this 
scheme is, of course, the great number of arithmetic opera- 
tions needed. Again, when dealing with signed numbers, the 
subtraction should be substituted by addition and vice versa. 


A more rapid division can be realized by calculating the 
Quotient digits instead of counting them. In this algorithm, 
the divisor is first subtracted from the most significant part of 
the dividend. If the remainder is positive, the quotient digit is 
“1”, otherwise the subtraction is cancelled (by adding the 


divisor to the remainder) and the quotient digit will be ‘0’. 
Now shift the remainder one place to the right (much like you 
do in a “paper and pencil” division) and repeat until all the 
quotient digits have been calculated. This algorithm is called 
“Restoring Division”. When signed numbers are involved, 
inversion of the operations and the quotient digits will be 
necessary and correction should be performed in some 
cases. Some time is wasted in the Restoring Division be- 
cause for every “0” digit in the quotient, two arithmetic 
operations are needed. This can be saved in the ‘‘Non- 
Restoring Division’. 


The basis of Non-Restoring Division is the same as in Restor- 
ing Division. Consider first unsigned (positive) numbers 
only. At the beginning, the divisor is subtracted from the 
most significant part of the dividend. If the result (first re- 
mainder) is positive (or zero), the first quotient digit is ‘’1”’. 
Otherwise, the quotient digit is ‘0’, but do not restore! Shift 
divisor one place to the right (or remainder to the left) and 
add if last quotient digit was ‘0’; otherwise subtract. Deter- 
mine quotient digit as before and continue until all quotient 
digits have been computed. The remainder will be correct if it 
is non-negative, otherwise correction is needed by a restor- 
ing operation (on the remainder only). Extreme care should 
be taken of the number of bits and the value of the divisor. 
Assuming the divisor has n bits and the dividend as 2n bits, 
the above process develops n+1 bits of the quotient. This 
will not be sufficient if the MSB of the divisor is ‘0’ (which 
means that the divisor is a small number and more digits are 
needed in the quotient). Although this condition can be eas- © 
ily detected as overflow will occur in the first subtraction, it 
can be avoided by aligning the first “1” of the divisor to the 
MSB of the dividend (by shifting the divisor left until all 
leading zeros are discarded) before performing the first sub- 
traction. Ample space should be provided for the additional 
bits of the quotient. Note that leading zeros in the dividend 
do not disturb the normal operation. The flow chart for un- 
signed non-restoring division is shown in Figure 22. 


ALIGN 
DIVISOR 
SUBTRACT 
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Figure 22. Flowchart for Non-Restoring Division (Unsigned Numbers). 


2-22 


The unsigned division scheme can be applied to signed posi- 
tive numbers without any change. When negative numbers 
are encountered, however, changes in the algorithm are 
necessary. The straightforward method of signed division 
seems to be “Division in the first quadrant.” In that scheme, 
negative numbers are 2’s complemented to obtain positive 
numbers, remembering the changes done. The division is 
performed on positive numbers, and finally again 2’s com- 
plementing occurs wherever necessary. Figure 23 is the 
flowchart for this algorithm. 


Figure 24 is the Interconnection Diagram for both the align- 
ment procedure and the Division Algorithm. It is assumed 
that the Dividend is in Register Rx (it will be lost during the 
division and replaced by the Remainder), the Divisor is in 
Register Ry. The Quotient will be in the Q register, which 
should be cleared beforehand. 


After checking the signs of the Dividend and Divisor, setting 
the flags and negating (using 23 or 24 octal as I, through lp 
ALU control bits) when necessary, the Divisor should be 
aligned. This can be done by ORing Ry with 0 (Is_9 = 33 
octal). The most significant bit is deposited in the Status 
Register, and can be shifted out by setting Ig = |, = HIGH and 
l7 to the Exclusive NOR of the previous and present MSB of 
the Divisor. If these are both “0”, |7 will be HIGH, and an up 
shift will occur, filling in trailing zeros. When the checked bits 
are different, 17 will go LOW, causing a down shift. At the 
same time the Y output of the Status Register is enabled the 
leftmost “0” (the sign bit) will be restored. 


The first step in the Division routine is a subtract, then 
shift the Rx and Q registers up. !g7g wil! be 6 in octal while 
lo49 = 1 in octal and I, = l4 = LOW. Puliing the CL bit in the 
microcode to HIGH, both I3 and C,, will be HIGH and the ALU 
is performing a 2’s complement subtract. The sign of the 
Remainder will be latched in the Status Register and the 
complement of it will be stored in the LSB of the O register 
during the shift up operation, which also discards the sign bit 
of the Remainder. 


Now repeating the same operation for all of the other bits of 
the Remainder with the CL bit in the microcode LOW will 
leave the control of Iz to the (complemented) previous sign 
bit. If it was ‘‘0” (R = 0), lz and C,, will be HIGH and the ALU 
will subtract; if it was 1 (R < 0), 13 and C,, will be LOW and the 
ALU will ADD, as required. In each up shift, the complement 
of the present sign bit will be placed at the right of the 
Quotient, again, as required. 


At the end of the division, the sign of the Remainder should 
be examined and if it is HIGH, the Divisor should be added to 
it. This can be easily implemented (not depicted on Figure 24) 
by performing an unconditional ADD (with C,, LOW), letting 
1p LOW, Ip HIGH and controlling !, by the complement of the 
sign of the Remainder, thus adding to RX either RY (if Rs = 1) 
or zero (if Rg = 0). If an alignment was performed, the 
remainder should be shifted down the same number of 
places. 


Finally, the Quotient and/or the Remainder should be 2’s 
complemented again according to the flags. 


Figure 25 is a table showing the input states of the 
Am2901A’s for each phase of the Alignment and Division. 
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Figure 23. Flowchart for First Quadrant Division 
with Signed Numbers. 
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Figure 24. Interconnections for Dedicated Division. 
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Am2901A Microcode Final Register Status 


Program: 2’s Complement Division 
Date: 9/24/76 By: M.S. 


Pin Status (Octal) 





CL | Repeat | A | B 


awn an 


Figure 25. Am2901 Microcode for Dedicated Division. 
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EXAMPLES OF SOME OTHER OPERATIONS 
1. Byte Swapping 


Occasionally the two halves of a 16-bit word must be 
swapped. Do.7 is interchanged with Dg.15. The quickest 
way to perform this operation is to rotate the word in 
RAM, shifting two bits at a time. Only four shift cycles are 
required. The same register is selected on both the A and 
B ports; the two are added together with carry-in con- 
nected to carry-out, producing a right shift of one place; 
then the ALU is shifted right one more place prior to 
storage. 


Byte Swap of Ry 
A=B=01=701 RAMo = RAMi5 Cin = Cour 
Repeat 4 times. 


. Instruction Fetch Cycle 


Execution of a macroinstruction generally begins with an 
instruction fetch cycle. The current contents of the PC (in 
one of the registers) is the address of the macroinstruc- 
tion to be fetched, and must be read out to the memory 
address register. Then the PC is incremented to point to 
the next macroinstruction. The macroinstruction ob- 
tained from memory is then loaded into the micropro- 
gram sequencer to cause a jump to the microcode for 
executing the instruction. 


Am2901A 


The PC can be read out and incremented in one cycle 
by using the Am2901A destination code 2, and addres- 
sing the PC with both the A and B addresses. The cur- 
rent value of PC will appear on the Y outputs, and 
PC+1 will be returned to the register. !f the PC is in re- 
gister 15, then: 


A = B = 15, | = 203, Carry-in = 1 


The PC will be on the Y outputs via the RAM A-port. On the 
clock LOW-to-HIGH transition, the program counter is in- 
cremented and the value on the Y outputs is loaded into 
the memory address register. During the following cycle, 
the memory is read and, on the next clock LOW-to-HIGH 
transition the instruction from the memory is dropped 
into the instruction register. The fetch operation requires 
only two microcycles. 


ADDITIONAL READING 


For more detailed information on applications of the 
Am2901A, the following application notes are available from 


AMD. 
Publication 
Title Number 
A 16-Bit Microprogrammed Computer AM-PUB 030 
An Emulation of the Am9080A AM-PUB 064 
A High Performance Disc Controller AM-PUB 065 


2-25 


Am2902A 


High-Speed Look-Ahead Carry Generator 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


@ Provides look-ahead carries across a group of four The Am2902A is a high-speed, look-ahead carry generator 
Am2901A microprocessor ALU’s which accepts up to four pairs of carry propagate and carry 
® Capability of multi-level look-ahead for high-speed generate signals and a carry input and provides anticipated 
arithmetic operation over large word lengths carries across four groups of binary ALU’s. The device also 
@ Typical carry propagation delay of 4.5 ns has carry propagate and carry generate outputs which may be 
® 100% reliability assurance testing in compliance with used for further levels of look-ahead. 


MIL-STD-883 The Am2902A is generally used with the Am2901A bipolar 
microprocessor unit to provide look-ahead over word lengths 
of more than four bits. The look-ahead carry generator can be 
used with binary ALU’s in an active LOW or active HIGH input 
operand mode by reinterpreting the carry functions. The con- 
nections to and from the ALU to the look-ahead carry 
generator are identical in both cases. 


The logic equations provided at the outputs are: 


Ch+x = Go + Poy 

Ca+y = G, + P,Go + PyP9C, 

Chez = Go + P2G, + PoP1;Go + P2PyP9Cy 
= G3 + P3G2 + P3P2G, + P3P2P;Go 

P = P3P2P,P5 


LOGIC DIAGRAM 
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CONNECTION DIAGRAM LOGIC SYMBOL 
Top View 


ntx Vaty 


Py Gp Py Gg 


Am2902A 
LOOK:AHEAD CARRY 
GENERATOR 


nty 


Vcc = Pin 16 


Pin 1 is marked for orientation. GND = Pin 8 
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Am2902A 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

















Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential —0.5V to +7.0V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vce max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30 mA 
DC Input Current —30 mA to +5.0 mA 





ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am2902AXC Ta, = 0°C to +70°C Vec = 5.0V £5% (COM’L) MIN, = 4.75V MAX. = 5.25V 
Am2902AXM_ T, = —55°C to +125°C Voc = 5.0V +10% (MIL) MIN, = 4,50V MAX, = 5.50V Typ 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 







Volts 


wo 


= = MIL 
VoH Output HIGH Voltage Vege MIN lon Stmk 
VIN = ViH oF Vib COM 
Vec =MIN., lot = 20mA 
Vv Output LOW Voltage 
Guaranteed input logical HIGH 
Input HIGH Level voltage for all inputs 2.0 
Guaranteed input logical LOW 
Input LOW Level voltage for all inputs 


Input Clamp Voltage Vec = MIN., lin = —18mMA 


Ch 





Volts 


Volts 


Volts 


—1.2 Volts 


N] 
S| 


vl) vl 
N ]@ 


Ne Input LOW Current Vec = MAX., Vin = 0.5V 






ba | 
9 
ul 
oy 
[)| 
wo 


2 9] 91] 9" 
| 
nN 








PB 100 
NH Input HIGH Current Vcc = MAX., Vin = 2.7V ba uA 
200 
Go, Go 350 
eh pe 


Vcc = MAX., Vin = 5.5V 


3 
> 


3 
> 


oS ie) 
3 
> > > 


Pa | Input HIGH Current 


' Output Short Circuit 
sc (Note 3) 






3 


Vcc = MAX., Vout = 0.0V 


All Outputs LOW 


All Ouputs HIGH COM’L 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrica! Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 










Power Supply Current 






3 





Ww 
ol 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Voc = 5.0V) 


Parameters Description 
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Am2902A 


DEFINITION OF FUNCTIONAL TERMS TRUTH TABLE 


C, Carry-in. The carry-in input to the look-ahead generator. Also 


et . i Inputs Outputs 
the carry-in input to the nth Am2901A microprocessor ALU input. 


Cry Cngy Ong, P 





2 


re) 
al 





C,4; Carry-out. (j = x, y, Z). The carry-out output to be used at 
the carry-ininputs of the n+1,n+2andn+3 microprocessor ALU 
slices. 


G;, P; Generate and propagate inputs respectively (i = 0, 1, 2, 
3). The carry generate and carry propagate inputs from the n, 
n+1,n+2 and n+3 microprocessor ALU slices. 





G, P Generate and propagate outputs respectively. The carry 
generate and carry propagate outputs that can be. used with the 
next higher level of carry look-ahead if used. 


IKK KIO KKK) LOK KOK XK | OK XK 
<>< >< >< XK | OK KK | OX 


Trttirrcrre 





7 <&*K IKK | KOK KK] KOKO) ko 
MIT KKEIKK) eK ORK EI) KK CIT 


xX KECK) <XxKxKXCOOILIL 


<xx<x<CCIIrL 
CeoerrzrzrrT 





mx > Ie | KKK KKK) OOK KK KK) OOK KK 
mM ORR) OO KK KKK) OOK KKK 


mixex<>x<| Ooo KK KK 


HIGH Voltage Level 
LOW Voltage Level 
Don’t Care 


H= 
L= 
X= 


Metallization and Pad Layout 





9 


Ch+z 


DIE SIZE 0.062” X 0.067” 
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Am2902A 


APPLICATIONS 


1 
CARRY-IN Cy Am2801A Ch Am2901A Am2901A Am2901A Gis CARRY-OUT 


Py = Chty 


Am2902A 


16-BIT CARRY LOOK-AHEAD CONNECTION. 
MPR-028 


Am2901 


ichtht ee hl CARRY-OUT 


a Po Chix Gy Py Cory Go Py Cnz G3 Pg 
Am2902A rn Dp eee eee ee 


Am2902A 


32-BiT ALU, THREE LEVEL CARRY LOOK-AHEAD. 
MPR-029 


ORDERING INFORMATION 
Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Package Type Temperature Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 


AM2902APC P-16 C-1 
AM2902ADC D-16 C-1 
AM2902ADC-B D-16 B-1 
AM2902ADM D-16 C-3 
AM2902ADM-B D-16 B-3 
AM2902AFM F-16 C-3 
AM2902AFM-B F-16 B-3 


: Visual inspection 
Am2902AXC Dice 


Am2902AXM Dice 


ZO S2£22000 


to MIL-STD-883 
Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = 0°C to +70°C, M = —55°C to +125°C. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 
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Am2903 


The Superslice™ | 


DISTINCTIVE CHARACTERISTICS 


@ Expandable Register File— 
Like the Am2901A, the Am2903 contains 16 internal working 
registers arranged in a two-address architecture. But the 
Am29038 includes the necessary “hooks” to expand the regis- 
ter file externally to any number of registers. 


Built-in Multiplication Logic— 

Performing multiplication with the Am2901A requires a few 
external gates--these gates are contained on-chip in the 
Am2903. Three special instructions are used for unsigned 
multiplication, two’s complement multiplication, and the last 
cycle of a two’s complement multiplication. 

Built-in Division Logic— 

The Am2903 contains all logic and interconnects for execution 
of a non-restoring, multiple-length division with correction of 
the quotient. 


Built-in Normalization Logic— 

The Am2903 can simultaneously shift the Q Register and count 
in a working register. Thus, the mantissa and exponent of a 
floating point number can be developed using a single mi- 
crocycle per shift. Status flags indicate when the operaton is 
complete. 


Built-in Parity Generation Circuitry— 
The Am2903 can supply parity across the entire ALU output for 
use in error detection and CRC code generation. 


Built-in Sign Extension Circuitry— 
To facilitate operation on different length two’s complement 


numbers, the Am2903 provides the capability to extend the 
sign at any slice boundary. 


TABLE OF CONTENTS 


ALU Functions 
Block Diagram 
Special Functions 
Pin Definitions 
Pin Connections 
Package Outline 
DC Characteristics 
Applications , 
Expansion 
Normalization 
Multiplication 
Division 
Byte Swap 
Memory Expansion 


GENERAL DESCRIPTION 


The Am2903 is a four-bit expandable bipolar microprocessor 
slice. The Am2903 performs all functions performed by the in- 
dustry standard Am2901A and, in addition, provides a number 
of significant enhancements that are especially useful in 
arithmetic-oriented processors. Infinitely expandable memory 
and three-port, three-address architecture are provided by the 
Am2903. In addition to its complete arithmetic and logic in- 
struction set, the Am2903 provides a special set of instruc- 
tions which facilitate the implementation of multiplication, divi- 
sion, normalization, and other previously time-consuming op- 
erations. The Am2903 is supplied in a 48 pin dual in-line pac- 
kage. 


BLOCK DIAGRAM 


DATA IN 
Gs A 


B 
ADDRESS ADDRESS 


eg : WRITE 
ENABLE 


A 8 
DATA OUT DATA OUT 


INSTRUCTION 
DECODE 


MPR-030 





ARCHITECTURE OF THE Am2903 


The Am2903 is a high-performance, cascadable, four-bit bipolar 
microprocessor slice designed for use in CPU’s, peripheral con- 
trollers, microprogrammable machines, and numerous other ap- 
plications. The microinstruction flexibility of the Am2903 allows 
the efficient emulation of almost any digital computing machine. 
The nine-bit microinstruction selects the ALU sources, function, 
and destination. The Am2903 is cascadable with full lookahead 
or ripple carry, has three-state outputs, and provides various ALU 
status flag outputs. Advanced Low-Power Schottky processing is 
used to fabricate this 48-pin LSI circuit. 


All data paths within the device are four bits wide. As shown in the 
block diagram, the device consists of a 16-word by 4-bit, two-port 
RAM with latches on both output ports, a high-performance ALU 
and shifter, a multi-purpose Q Register with shifter input, and a 
nine-bit instruction decoder. 


Two-Port RAM 


Any two RAM words addressed at the A and B address ports can 
be read simultaneously at the respective RAM A and B output 
ports. Identical data appear at the two output ports when the 
same address is applied to both address ports. The latches at the 
RAM output ports are transparent when the clock input, CP, is 
HIGH and they hold the RAM output data when CP is LOW. 
Under control of the OE, three-state output enable, RAM data 
can be read directly at the Am2903 DB |/O port. 


External data at the Am2903 Y I/O port can be written directly into 
the RAM, or ALU shifter output data can be enabled onto the Y I/O 
port and entered into the RAM. Data is written into the RAM at the 
B address when the write enable input, WE, is LOW and the clock 
input, CP, is LOW. 


Arithmetic Logic Unit 
The Am2903 high-performance ALU can perform seven arithme- 


tic and nine logic operations on two 4-bit operands. Multiplexers. 


at the ALU inputs provide the capability to select various pairs of 
ALU source operands. The E, input selects either the DA exter- 
nal data input or RAM output port A for use as one ALU operand 
and the OEg and lp inputs select RAM output port B, DB external 
data input, or the Q Register content for use as the second ALU 
operand. Also, during some ALU operations, zeroes are forced at 
the ALU operand inputs. Thus, the Am2903 ALU can operate on 
data from two external sources, from an internal and external 
source, or from two internal sources. Table | shows all possible 
pairs of ALU source operands as a function of the E,, OEg, and Ip 
inputs. 


When instruction bits f4, Iz, lo, 14, and lg are LOW, the Am2903 
executes special functions. Table 4 defines these special func- 
tions and the operation which the ALU performs for each. When 
the Am2903 executes instructions other than the nine special 
functions, the ALU operation is determined by instruction bits 4, 
I3, lo, and !,. Table 2 defines the ALU operation as a function of 
these four instruction bits. 


Am2903’s may be cascaded in either a ripple carry or lookahead 
carry fashion. When a number of Am2903’s are cascaded, each 
slice must be programmed to be a most significant slice (MSS), 
intermediate slice (1S), or least significant slice (LSS) of the array. 
The carry generate, G, and carry propagate, P, signals required 
for a lookahead carry scheme are generated by the Am2903 and 
are available as outputs of the least significant and intermediate 
slices. 


The Am2903 also generates a carry-out signal, C,44, which is 
generally available as an output of each slice. Both the carry-in, 
C,, and carry-out, C,+,4, signals are active HIGH. The ALU 
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TABLE 1. ALU OPERAND SOURCES 


Ea | to | Dee | Ar operand | AO pore | 


RAM Output A RAM Output B 
RAM Output A DBo.3 

RAM Output A Q Register 
DAo-3 RAM Output B 
DAg.3 DBo.3 

DAo.3 Q Register 


H = HIGH 


xOIrx ir 


X = Don't Care 


TABLE 2. ALU FUNCTIONS 


alata 


i 
oI 
eet 
a 
Pe 


= R; NAND S; 
= Rj OR §; 


generates two other status outputs. These are negative, N, 
and overflow, OVR. The N output is generally the most sig- 
nificant (sign) bit of the ALU output and can be used to de- 
termine positive or negative results. The OVR output indicates 
that the arithmetic operation being performed exceeds the 
available two’s complement number range. The N and OVR 
signals are available as outputs of the most significant slice. 
Thus, the multi-purpose G/N and P/OVR outputs indicate G 
and P at the least significant and intermediate slices, and sign 
and overflow at the most significant slice. To some extent, the 
meaning of the C,4,4, P/OVR, and G/N signals vary with the 
ALU function being performed. Refer to Table 5 for an exact 
definition of these four signals as a function of the Am2903 
instruction. 


ALU Shifter 


Under instruction control, the ALU shifter passes the ALU output 
(F) non-shifted, shifts it up one bit position (2F), or shifts it down 
one bit position (F/2). Both arithmetic and logical shift operations 
are possible. An arithmetic shift operation shifts data around the 
most significant (sign) bit position of the most significant slice, 
and a logical shift operation shifts data through this bit position 
(see Figure A). S!Og and S!Oz are bidirectional serial shift 
inputs/outputs. During a shift-up operation, SlIOg is generally a 
serial shift input and SIO, a seria! shift output. During a shift-down 
operation, S!O3 is generally a serial shift input and S!Og a serial 
shift output. 





Am2903 


BLOCK DIAGRAM 


DATA IN 
4 A 


B 
ADDRESS 


WRITE 
ENABLE 


B 
DATA OUT 


GN << 
P/OVR <7 


Ca+4 OS 


a 
SHIFTER 


Qa 
| ld REGISTER 


JEN CS 
lg—lg p> 


iss © INSTRUCTION 
Aa ss DECODE 
Wnrite/Mss Kj 
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7 i 7 a —--—|— a 
Most Least 


Significant 
ice 


Significant or 
Intermediate Slice 


Am2903 Arithmetic Shift Path 


a —-——-}-- = 


All 
Stice Positions 
Am2903 Logical Shift Path 


Figure A. MPR-031 


_ To some extent, the meaning of the SIOg and SIO3 signals is 
instruction dependent. Refer to Tables 3 and 4 for an exact 
definition of these pins. 


The ALU shifter also provides the capability to sign extend at slice 
_ boundaries. Under instruction control, the S!Qp (sign) input can 
be extended through Yo, Y;, Yo, Y3 and propagated to the SIO3 
output. 


A cascadable, five-bit parity generator/checker is designed into 
the Am2903 ALU shifter and provides ALU error detection capa- 
bility. Parity for the Fo, Fy, Fo, Fz ALU outputs and SIO; input is 
generated and, under instruction control, is made available at the 
SIO output. Refer to the Am2903 applications section for a more 
detailed description of the Am2903 sign extension and parity 
generation/checking capability. 


The instruction inputs determine the ALU shifter operation. Table 
4 defines the special functions and the operation the ALU shifter 
performs for each. When the Am2903 executes instructions other 
than the nine special functions, the ALU shifter operation is 
determined by instruction bits Iglzigl;. Table 3 defines the ALU 
shifter operation as a function of these four bits. 


Q Register 


The Q Register is an auxiliary four-bit register which is clocked on 
_ the LOW-to-HIGH transition of the CP input. It is intended primar- 
ily for use in multiplication and division operations; however, it 
can also be used as an accumulator or holding register for some 


Am2903 


appiications. Tne ALU output, F, can be loaded into the Q Regis- 
ter, and/or the Q Register can be selected as the source for the 
ALU S operand. The shifter at the input to the Q Register provides 
the capability to shift the Q Register contents up one bit position 
(2Q) or down one bit position (Q/2). Only logical shifts are per- 
formed. QlOg and QIO3 are bidirectional shift serial inputs/ 
outputs. During a Q Register shift-up operation, QIOp is a serial 
shift input and QIO3 is a serial shift output. During a shift-down 
operation, QIO3 is a serial shift input and QIOp is a serial shift 
output. 


Double-length arithmetic and logical shifting capability is pro- 
vided by the Am2903. The double-length shift is performed by 
connecting QIO3 of the most significant slice to S!Og of the least 
significant slice, and executing an instruction which shifts both 
the ALU output and the Q Register. 


The Q Register and shifter are controlled by the instruction inputs. 
Table 4 defines the Am2903 special functions and the operations 
which the Q Register and shifter perform for each. When the 
Am2903 executes instructions other than the nine special func- 
tions, the Q Register and shifter operation is controlled by 
instruction bits Igl7igl;. Table 3 defines the Q Register and 
shifter operation as a function of these four bits. 


Output Buffers 


The DB and Y ports are bidirectional !/O ports driven by three- 
state output buffers with external output enable controls. The Y 
output buffers are enabled when the OEy input is LOW and are in 
the high-impedance state when OEy is HIGH. Likewise, the DB 
output buffers are enabled when the OEg input is LOW and in 
the high-impedance state when OEg is HIGH. 


The zero, Z, pin is an open collector input/output that can be 
wire-OR’ed between slices. As an output it can be used as a 
zero detect status flag and generally indicates that the Yo.3 
pins are all LOW, whether they are driven from the Y output 
buffers or from an external source connected to the Yo.3 pins. 
To some extent the meaning of this signal varies with the in- 
struction being performed. Refer to Table 5 for an exact defi- 
nition of this signal as a function of the Am2903 instruction. 


TABLE 3. ALU DESTINATION CONTROL FOR Ip OR |y OR Ip OR Ig OR 1y = HIGH, IEN = LOW. 


















































































































































































L = LOW 
H = HIGH 


Parity = Fa '¥ Fo ¥ Fy ¥ Fo ¥ SIO3 
_ = Exclusive OR 


Hex ALU Shifter Most Sig. Most Sig. | Other Shifter 

Code Function Slice Slice Function 
tot bk Lk] oO | Arth Fi2+v input — | Input | L Hold Hi-Z | Hi-Z 
Lot oH oL | 2 | Arith. F/2-+Y | Input | t Log. Q/2+Q | Input | Qo 
a pat [tet] Fo | + | Yon G2+G | Tonal | Oo | 
tH Lt tf 4 | Foy Parity | L Hold Hi-Z 
tL H CL 4H | 5 | F>Y H Log. Q/2-Q input | Qo | 
a a W__[ Fa Fiz 
lL. H H H FY L F=Q Hi-Z 
H t LoL ; 8 | Arith. 2F+¥ Fo L Hold [ Hi-z | Hi-Z 
H L t H | 9 | Log. 2F-+Y F3 L Hold | Hi-Z | Hi-Z 
Cl Fe tog. 20+ | 05 | nna | 
i cm ; + —— ; a 
HOH tL HY] Oo [FAY Fy F3 Fy H Q3 
H H HL SIO9—Yo, ¥3, Yo, ¥3 $109 $IOg $109 $109 L Hi-Z 
H H H 4H FoY F3 F3 F3 Fy L 





Hi-Z = 





High impedance 
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TABLE 4. SPECIAL FUNCTIONS: Ip = 1y = Ip = Ig = Ig = LOW, IEN = LOW 


ALU Shifter 
ALU Function Function Slice 


F= $+Cp if Z=L Log. F/2-+Y 

Unsigned Multiply F=R+S+C,, if Z=H 
Two's Complement | F=S+Cy if Z=L Log. F/2-+Y 
Multiply F=R+S+Cp if Z=H (Note 2) 
Increment by = 

Eee ewe, fer 
Sign/Magnitude- F=S+C, if Z=L 
Two's Complement | F=S+C, if Z=H 


Special 
Function 


Two's Complement | F=S+C, if Z=L 
Multiply, Last Cycle | F=S—-R-1+C,, ifZ=H 


Double Length 
A Normalize and 


F=S+C, 
First Divide Op. 
Cc Two's Complement | F=S+R+C, if Z=L 
Divide F=S-R-1+C, ifZ=H 


Two’s Complement | F=S+R+C,, if Z=L 
Divide, Correction |F=S-—R-1+C, ifZ=H 





H H H 
and Remainder 


NOTES: 1. At the most significant slice only, the Cy+,4 signal is internally gated to the Y3 output. 
2. At the most significant slice only, Fz ¥ OVR is internally gated to the Y3 output. 
3. At the most significant slice only, S3F3 is generated at the Y3 output. 


4. Op codes 1, 3, 7, 9, B, D, and F are reserved for future use. 


Instruction Decoder 


The Instruction Decoder generates required internal control sig- 
nals as a function of the nine Instruction inputs, Ig; the Instruc- 
tion Enable input, IEN; the LSS input; and the WRITE/MSS 
input/output. 


The WRITE output is LOW when an instruction which writes data 
into the RAM is being executed. Refer to Tables 3 and 4 for a 
definition of the WRITE output as a function of the Am2903 
instruction inputs. 


When IEN is HIGH, the WRITE output is forced HIGH and the Q 
Register and Sign Compare Flip-Flop contents are preserved. 


R3 ¥ F3 


SPECIAL FUNCTION 
AORC 


IE 





Q Reg & 
Shifter 
Function 


Most Sig. 


FY 

— 3) 
og. F/2-+Y 

fee 2) 


Single Length 
Se : 








L = LOW Hi-Z = High Impedance 
H = HIGH ¥ = Exclusive OR 
X = Don't Care Parity = SIO3 ¥ Fy ¥ Fo ¥ Fy ¥ Fo 


When IEN is LOW, the WRITE output is enabled and the Q 
Register and Sign Compare Flip-Flop can be written according to 
the Am2903 instruction. The Sign Compare Flip-Flop is an on- 
chip flip-flop which is used during an Am2903 divide operation 
(see Figure B). 


Programming the Am2903 Slice Position 


Tying the LSS input LOW programs the slice to operate as a least 
significant slice (LSS) and enables the WRITE output signa! onto 
the WRITE/MSS bidirectional I/O pin. When LSS is tied HIGH, the 
WRITE/MSS pin becomes an input pin; tying the WRITE/MSS pin 
HIGH programs the slice to operate as an intermediate slice (IS) 
and tying it LOW programs the slice to operate as a most signifi- 
cant slice (MSS). 


SIGN 
COMPARE 


The sign compare signal appears at the Z output of the most significant slice during 
special functions C, D and E, F. Refer to Table 5. 


Figure B. Sign Compare Flip-Flop. 
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TABLE 5. Am2903 STATUS OUTPUTS 





(Hex) (Hex 
Igizighs l4iglaly Io 









0 


PIOV 


Most Sig. | Other | Most Sig. | Other | Most Sig. | Intermediate | Least Sig. 
Q+4 Slice =| Slices Stice Slices Slice Slice Slice 
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<| * 
o 
<| x 


Cn+3 ¥Cn+4 
















G YoY4 YoY3 YoY1 YoY3 
Yoviy YoY1¥2¥3 YoY1¥2¥3 








Ch+3 ¥ Cn+4 


YoY1Y2Y3 




















Cn+3 ¥ Cn+4 
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Sj #Z=L 
RiV§; if Z=H 








Cn+3 ¥ Cn+4 








Sj if Z=L 
Ri V §j if Z=H 





Cn+3 ¥ Cn+4 














See Note 2 


Cn+3 ¥ Cn+4 














S ifZ=t 
$j if Z=H 





Co+3 ¥ Cn+4 















$j if Z=U 
RiV §j if Z=H 





Ch+3 ¥ Cn+4 





















Sj See Note 3 





























RAS; if Z=L 
RjASj if Z=H 
L= LOW =0 

H = HIGH = 1 

V=OR 

A= AND 

¥= EXCLUSIVE OR 

P = P3P2P4Po 

G= G3VGo2P3V GyP2P3V GoPy PoP3 
Cn+3 = GeVG PoVGoP4 PoVCyPpP, Po 


Am2903 SPECIAL FUNCTIONS 


The Am2903 provides nine Special Functions which facilitate the 
implementation of the following operations: 


@ Single- and Double-Length Normalization 

@ Two's Complement Division 

e Unsigned and Two’s Complement Multiplication 

® Conversion Between Two’s Complement and Sign/Magnitude 
Representation 

@ Incrementation by One or Two 


Table 4 defines these Special Functions. 


The Single-Length and Double-Length Normalization functions 
can be used to adjust a single-precision or double-precision 
floating point number in order to bring its mantissa within a 
specified range. 


Three Special! Functions which can be used to perform a two’s 
complement, non-restoring divide operation are provided by the 
Am2903. These functions provide both single- and double- 
precision divide operations and can be performed in “n’ clock 
cycles, where “n” is the number of bits in the quotient. 


RV §; if Z=L 
RiV§;j if Z=L 







NOTES: 1. If LSS is LOW, Gg = So and Gy1,2,3 = 0 

If LSS is HIGH, Go,4,2,3 = 0 

2. If LSS is LOW, Po = 1 and Py,2,3 = S4,2,3 
If LSS is HIGH, Pj = Sj 

3. At the most significant slice, Ch44 = Q3¥ Qo 
At other slices, Ch4.4 = GVPCy 

4. At the most significant slice, Ch44 = F3¥ Fa 
At other slices, Ch44 = GVPC, 


5. Z = Q9Q1Q2Q03F oF 1FaF3 


The Unsigned Multiply Special Function and the two Two’s Com- 
plement Multiply Special Functions can be used to multiply two 
n-bit, unsigned or two's complement:numbers, respectively, in 
n clock cycles. These functions utilize the conditional add and 
shift algorithm. During the last cycle of the two’s complement 
multiplication, a conditional subtraction, rather than addition, is 
performed because the sign bit of the multiplier carries negative 
weight. 


The Sign/Magnitude-Two’s Complement Special Function can 
be used to convert number representation systems. A number 
expressed in Sign/Magnitude representation can be converted to 
the Two’s Complement representation, and vice-versa, in one 
clock cycle. 


The Increment by One or Two Special Function can be used 
to increment an unsigned or two’s complement number by 
one or two. This is useful in 16-bit word, byte-addressable 
machines, where the word addresses are multiples of two. 


Refer to Am2903 applications section for a more detailed descrip- 
tion of these Special Functions. 
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PIN DEFINITIONS 


Four RAM address inputs which contain the 
address of the RAM word appearing at the 
RAM A output port. 


Four RAM address inputs which contain the address 
of the RAM word appearing at the RAM B output 
port and into which new data is written when the 
WE input and the CP input are LOW. 


The RAM write enable input. If WE is LOW, data 
at the Y I/O port is written into the RAM when 
the CP input is LOW. When WE is HIGH, 
writing data into the RAM is inhibited. 


A four-bit external data input which can be 
selected as one of the Am2903 ALU operand 
sources; DAg is the least significant bit. 


A contro! input which, when HIGH, selects 
DAg-—3 and, when LOW, selects RAM output A 
as the ALU R operand. 


A four-bit external data input/output. Under 
control of the OE, input, RAM output port B 
can be directly read on these lines, or input 
data on these lines can be selected as the 
ALU S operand. 


A control input which, when LOW, enables RAM 
output B onto the DBo_3 lines and, when HIGH, 
disables the RAM output B tri-state buffers. 


The carry-in input to the Am2903 ALU. 


The nine instruction inputs used to select the 
Am2903 operation to be performed. 


The instruction enable input which, when LOW, 
enables the WRITE output and allows the Q 
Register and the Sign Compare flip-flop to 
be written. When IEN is HIGH, the WRITE out- 
put is forced HIGH and the Q Register and Sign 
Compare flip-flop are in the hold mode. 


This output generally indicates the carry-out of 
the Am2903 ALU. Refer to Table 5 for an exact 
definition of this pin. 


A multi-purpose pin which indicates the carry 
generate, G, function at the least significant and 
intermediate slices, and generally indicates the 
sign, N, of the ALU result at the most significant 
slice. Refer to Table 5 for an exact definition of 
this pin. 


A multi-purpose pin which indicates the carry prop- 
agate, P, function at the least significant and inter- 
mediate slices, and indicates the conventional two's 
complement overflow, OVR, signa! at the most sig- 
nificant slice. Refer to Table 5 for an exact definition 
of this pin. 
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An open-collector input/output pin which, 
when HIGH, generally indicates the Yo_3 outputs 
are all LOW. For some Special Functions, Z is 
used as an input pin. Refer to Table 5 for 
an exact definition of this pin. 


Bidirectional serial shift inputs/outputs for the 
ALU shifter. During a shift-up operation, SIOo 
is an input and SiO3 an output. During a 
shift-down operation, SIO3 is an input and SIOg 
is an output. Refer to Tables 3 and 4 for an exact 
definition of these pins. 


Bidirectional serial shift inputs/outputs for the Q 
shifter which operate like SIOp and SIO3. Refer 
to Tables 3 and 4 for an exact definition of 
these pins. 


An input pin which, when tied LOW, programs the 
chip to act as the least significant slice (LSS) of 
an Am2903 array and enables the WRITE out- 
put onto the WRITE/MSS pin. When LSS is 
tied HIGH, the chip is programmed to operate as 
either an intermediate or most significant slice 
and the WRITE output buffer is disabled. 


When LSS is tied LOW, the WRITE output signal 
appears at this pin; the WRITE signal is LOW 
when an instruction which writes data into 
the RAM is being executed. When LSS is tied 
HIGH, WRITE/MSS is an input pin; tying it HIGH 
programs the chip to operate as an inter- 
mediate slice (IS) and tying it LOW programs the 
chip to operate as the most significant slice (MSS). 


Four data inputs/outputs of the Am2903. Under 
control of the OEy input, the ALU shifter 
output data can be enabled onto these lines, 
or these lines can be used as data inputs when 
external data is written directly into the RAM. 


A control input which, when’ LOW, enables 
the ALU shifter output data onto the Yo_3 lines 
and, when HIGH, disables the Yo_3 three- 
state output buffers. 


The clock input to the Am2903. The Q Register 
and Sign Compare flip-flop are clocked on the 
LOW-to-HIGH transition of the CP signal. When 
enabled by WE, data is written in the RAM 
when CP is LOW. 





Am2903 


LOGIC SYMBOL CONNECTION DIAGRAM 
Top View 


Am2903 =), P, Am2903 


WRITE/MSS 40 
tss 39 


S109 20 
S103 21 


Q10y 1 


alo. 
a 3 48 
OEy Y3 Yo Y1 Yo 


Vec = Pin 36 
15 19 18 17 16 GND = Pin 13 Note: Pin 1 is marked for orientation. 
MPR-033 MPR-034 


Metallization and Pad Layout 
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DiE SIZE 0.163” X 0.197" 


Note: Pin numbers correspond 
21 22 GND 23 24 25 26 27 28 29 to DIP package. 








ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Package Type Temperature Range Screening Level 
Number (Note 1) (Note 2) (Note 3) 


AM2903DC D-48 C-1 
AM2903DC-B D-48 B-1 
AM2903DM D-48 C-3 
AM2903DM-B D-48 B-3 
AM2903FM F-48 C-3 
AM2903FM-B F-48 B-3 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = 0°C to +70°C, M = —55°C to +125°C. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 
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Am2903 
OPERATING RANGE 
P/N Range Temperature Voc 


Am2903PC, DC COM'L Ta = 0°C to +70°C Vec= 5.0V +5% (MIN. = 4.75V, MAX. = 5.25V) 





DC CHARACTERISTICS OVER OPERATING RANGE Typ. 


Parameters Description Test Conditions (Note 1) Min. (Note2) Max. Units 


lon = —1.6mA 

Yo-Y3, G/N 
Vec = MIN. lon = —800HA 
Vin = Vin or ViL DBo. 3) P/OVR 


S109, SIO3, AIOg, QIO3, 
WRITE, Ch44 
Output Leakage Current | Vcc = MIN., Voy = 5.5V 
for Z Output (Note 4) Vin = Vin oF Vi 
Yo. ¥y, Yo | 'oL = 20mA (COM'L) 
Y3,2 lo. = 16mA (MIL) 
DBp, DBy, | lo = 12mA (COM'L) 
DB2, DB lo, = 8.0mA (MIL 
Output LOW Voltage Voc = MIN. Weekes ‘OL mA (MIL) 
P/OVR lo, = 10mA 


Cy+4, SIOg 
$103, QIO9 lot = 8.0mA 
QIO3, WRITE 
Guaranteed input logical HIGH 
InpubniGel evel voltage for all inputs (Note 6) 
Guaranteed input logical LOW 
INpULEO NC Bevel voltage for all inputs (Note 6) 


Input Clamp Voltage Voc = MIN., liy = —18mA 


Output HIGH Voltage 


lo, ty, Ia, Ig, 
7 2 14, DAg, DAy, 
Input LOW Current Voc a MAM Nii = 0.5N DAg, DA3, SIOg 
(Note 4) $103, QIOp, QIO3, 
MSS, DBp, DBy, 
DBp, DBs 





Input HIGH Current Voc = MAX., Vin = 2.7V SIOp, S103, QlOp, 
(Note 4) QI03, DBpy.3, 
MSS 





All other inputs 


Input HIGH Current Voc = MAX., Vin = 5.5V || 
, Vo = 2.4V 
obser ~ MAX. ce eee 
(HIGH Impedance) ; Vo = 
Output Current DBy_3, QIOp, QO, Vo = = 2. AV Sat hae 


SI0p, SIO3, MSS/IS 


Output Short Circuit Voc = MAX + 0.5V 
Current (Note 3) Vo = 0.5V 
Ta = Oto 70°C 
CaN ae 
Voc = MAX. 


= | T=70C | 


Tea] | To = -55t0125°C | 
=a a 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Yo—3, DBg~3, SIOo,3, QIOg,3 and WRITE/MSS are three state outputs internally connected to TTL inputs. Z is an open-collector output internally 
connected to a TTL input. Input characteristics are measured under conditions such that the outputs are in the OFF state. 
5. Worst case Icc is at minimum temperature. 
6. These input levels provide zero noise immunity and should only be tested in a static, noise-free environment. 
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Power Supply Current 
(Note 5) 





USING THE Am2903 
Am2903 APPLICATIONS 


The Am2903 is designed to be used in microprogrammed sys- 
tems. Figure 1 illustrates a recommended architecture. The con- 
trol and data inputs to the Am2903 normally will all come from 
registers clocked at the same time as the Am2903. The register 
inputs come from a ROM or PROM - the “microprogram store”. 
This memory contains sequences of microinstructions which 
apply the proper control signals to the Am2903’s and other cir- 
cuits to execute the desired operation. 


The address lines of the microprogram store are driven from the 
Am2910 Microprogram Sequencer. This device has facilities for 
storing an address, incrementing an address, jumping to any 
address, and linking subroutines. The Am2910 is controlled by 
some of the bits coming from the microprogram store. Essen- 
tially, these bits are the “next instruction” control. 


One Level Pipeline Based System 


Am2910 


MICROPROGRAM 
MEMORY 


PIPELINE 
REGISTER 


Am2903 
ALU 
a STATUS 


REGISTER 


Figure 1. Typical Microprogram Architecture. 
MPR-035 
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DEVICE 4 DEVICE 3 


DA DB 
1045 alo; (elroy 
$1015 S103 SI0g 


CARRY 
OUT 
NEGATIVE Am2903 


OVERFLOW 


Cot4 


ZERO 


Figure 2. 16-Bit CPU with Ripple Carry. 


Am2903 


Note that with the microprogram register in between the micro- 
program memory store and the Am2903’s, a microinstruction 
accessed on one cycle is executed on the next cycle. As one 
microinstruction is executed, the next microinstruction is being 
read from microprogram memory. In this configuration, system 
speed is improved because the execution time in the Am2903’s 
occurs in parallel with the access time of the microprogram store. 
Without the “pipeline register”, these two functions must occur 
serially. 


Expansion of the Am2903 


The Am2903 is a four-bit CPU slice. Any number of Am2903's 
can be interconnected to form CPU’s of 8, 16, 32, or more bits, in 
four-bit increments. Figure 2 illustrates the interconnection of four 
Am2903’s to form a 16-bit CPU, using ripple carry. 


With the exception of the carry interconnection, all expansion 
schemes are the same. The QIO3 and SIO3 pins are bidirectional 
left/right shift lines at the MSB of the device. For all devices 
except the most significant, these lines are connected to the QIOg 
and S!Op pins of the adjacent more significant device. These 
connections allow the Q Registers of all Am2903’s to be shifted 
left or right as a contiguous n-bit register, and also allow the ALU 
output data to be shifted left or right as a contiguous n-bit word 
prior to storage in the RAM. At the LSB and MSB of the CPU, the 
shift pins should be connected to a shift multiplexer which can be 
controlled by the microcode to select the appropriate input sig- 
nals to the shift inputs. 


Device 1 has been defined as the least significant slice (LSS) and 
its LSS pin has accordingly been grounded. The Write/Most 
Significant Slice (WRITE/MSS) pin of device 1 is now defined as 
being the Write output, which may now be used to drive the write 
enable (WE) signal common to the four devices. Devices 2 and 3 
are designated as intermediate slices and hence the LSS and 
WRITE/MSS pins are tied HIGH. Device 4 is designated the most 
significant slice (MSS) with the LSS pin tied HIGH and the 
WRITE/MSS pin held LOW. The open collector, bidirectional Z 
pins are tied together for detecting zero or for inter-chip com- 
munication for some special instruction. The Carry-Out (C,,44) is 
connected to the Carry-In (C,) of the next chip in the case of 
ripple carry. For a faster carry scheme, an Am2902 may be 
employed (as shown in Figure 3) such that the G and P outputs of 
the Am2903 are connected to the appropriate G and P inputs of 
the Am2902, while the C,+,, Cn+y, and C,+4,7 outputs of the 
Am2902 are connected to the C, input of the appropriate 
Am2903. Note that G/N and P/OVR pin functions are device 
dependent. The most significant slice outputs N and OVR 
while all other slices output G and P. 


LSS 
DEVICE 2 DEVICE 1 
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The IEN pin of the Am2903 allows the option of conditional 
instruction execution. If IEN is LOW, all internal clocking is en- 
abled, allowing the latches, RAM, and Q Register to function. If 
IEN is HIGH, the RAM and Q Register are disabled. The RAM is 
controlled by IEN if WE is connected to the WRITE output. 


It would be appropriate at this point to mention that the Am2903 
may be microcoded to work in either two-or three-address ar- 
chitecture modes. The two-address modes allow A+B->B while 
the three-address mode makes possibleA+B — C. Implementa- 
tion of a three-address architecture is made possible by vary- 
ing the timing of IEN in relationship to the external clock and 
changing the B address as shown in Figure 4. This technique is 
discussed in more detail under Memory Expansion. 


MSS 


DEVICE 4 DEVICE 3 


DA OB DA DB 


ald, Qld, alo, Aly 


Parity 


The Am2903 computes parity on achosen word when the instruc- 
tion bits I;_g have the values of 44, to 74g as shown in Table 3. 
The computed parity is the result of the exclusive OR of the 
individual ALU outputs and SIO3. Parity output is found on SIO. 
Parity between devices may be cascaded by the interconnection 
of the SlIOp and SIO3 ports of the devices as shown in Figure 3. 
The equation for the parity output at SIOg port of device 1 is 
given by SlOp = Fig V Fxg V Fag Vi... VW Fy WV Fo ¥ 
SIO 45. 


LSs 
DEVICE 2 DEVICE 1 


DA ODB DA DB 


alo; A109 103 QI0g 


fel 266? Ae eee, ee ee, canes 


Cog Cc, 
NEGATIVE N  am2903 
OVERFLOW OVR W/MSS 
ZERO z USS 
Y WE 


c, 
G Am2903 
FB WSS 
z TSs |_| 
Y WE 


Chez 8 Pa 


Cc, Cy, 
GS am2903 S  am2903 
B W/MSS B W/MSS 
z iss ea z css 
Y WE ; Y We 


Cory G Py 


Figure 3. 16-Bit CPU with Carry Look Ahead. 


MPR-037 


—— TWO ADDRESS sacha Ras ADDRESSS woot $<] 


EXTERNAL CLOCK 


BRR es K_ St 
” KXKY STABLE scamte ORK “Tay 


Figure 4. Relationship of TEN and Clock During Two Address and Three Address Modes. 
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Figure 5. Sign Extend. 


Sign Extend 


Sign extension across any number of Am2903 devices can be 
done in one microcycle. Referring again to the table of instruc- 
tions (Table 3), the sign extend instruction (Hex instruction E) 
on Iz;_g causes the sign present at the SIOp port of a device 
to be extended across the device and appear at the SIO3 port 
and at the Y outputs. If the least significant bit of the instruc- 
tion (bit I;) is HIGH, Hex instruction F is present on lIs5_g¢, 
commanding a shifter pass instruction. At this time, F3 of the 
ALU is present on the SIO3 output pin. It is then possible to 
control the extension of the sign across chip boundaries by 
controlling the state of I; when Ig_g are HIGH. Figure 5 out- 
lines the Am2903 in sign extend mode. With Ig_g held HIGH, 
the individual chip sign extend is controlled by Isq-p. If, for 
example, Is, and I5g are HIGH while I;- and I55 are LOW, 


the signal present at the boundaries of devices 2 and 3 (F3 of 
device 2) will be extended across devices 3 and 4 at the SIO3 
pin of device 4. The output of the four devices will be avail- 
able at their. respective Y data ports. The next positive edge 
of the clock will load the Y outputs into the address selected 
by the B port. Hence, the results of the sign extension is 
stored in the RAM. 


SPECIAL FUNCTIONS 


When lo_4 = 0, the Am2903 is in the Special Function mode. in 
this mode, both the source and destination are controlled by Is_g. 
The Special Functions are in essence special microinstructions 
that are used to reduce the number of microcycles needed to 
execute certain functions in the Am2903. 


Normalization, Single- and Double-Length 


Normalization is used as a means of referencing a number to a 
fixed radix point. Normalization strips out all leading sign bits such 
that the two bits immediately adjacent to the radix point are of 
opposite polarity. 


Normalization is commonly used in such operations as fixed-to- 
floating point conversion and division. The Am2903 provides for 
normalization by using the Single-Length and Double-Length 
Normalize commands. Figure 6a represents the Q Register of a 
16-bit processor which contains a positive number. When the 


Single-Length Normalize command is applied, each positive’ 


edge of the clock will cause the bits to shift toward the most 
significant bit (bit 15) of the Q Register. Zeros are shifted in via the 
QIQpo port. When the bits on either side of the radix point (bits 14 
and 15) are of opposite value, the number is considered to be 
normalized as shown in Figure 6b. The event of normalization is 
externally indicated by a HIGH level on the C,+4 pin of the most 
significant slice (C,44 MSS = Q3 MSS ¥ Qz MSS). 
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b) Normalized Positive Number. 


Q REGISTER 


Figure 6. MPR-040 


There are also provisions made for a normalization indication 
via the OVR pin one microcycle before the same indication is 
available on the C,,4 pin (OVR = Qz MSS ¥ Q, MSS). This 
is for use in applications that require a stage of register buffer- 
ing of the normalization indication. 


Since a number comprised of all zeros is not considered for 
normalization, the Am2903 indicates when such a condition 
arises. If the Q Register is zero and the Single-Length Normaliza- 
tion command is given, a HIGH level will be present on the Z line. 
The sign output, N, indicates the sign of the number stored in 
the Q register, Q3 MSS. An unnormalized negative number 
(Figure 7a) is normalized in the same manner as a positive 
number. The results of single-length normalization are shown 
in Figure 7b. The device interconnection for single-length 
normalization is outlined in Figure 8. During single length 
normalization, the number of shifts performed to achieve 
normalization can be counted and stored in one of the work- 
ing registers. This can be achieved by forcing a HIGH at the 
C,, input of the least significant slice, since during this special 
function the ALU performs the function [B] + C,, and the re- 
sult is stored in B. 


Normalizing a double-length word can be done with the Double- 
Length Normalize command which assumes that a user-selected 
RAM Register contains the most significant portion of the word to 
be normalized while the Q Register holds the least significant half 
(Figure 9). The device interconnection for double-length normal- 
ization is shown in Figure 10. The C,4.4, OVR, N, and Z outputs of 
the most significant slice perform the same functions in double- 
length normalization as they did in single-length normalization 
except that C,44, OVR, and Nare derived from the output of the 
ALU of the most significant slice in the case of double-length 
normalization, instead of the Q Register of the most significant 
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slice as in single-length normalization. A high-level Z line in 
double-length normalization reveals that the outputs of the ALU 
and Q Register are both zero, hence indicating that the double- 
length word is zero. 


When double-length normalization is being performed, shift 
counting is done either with an extra microcycle or with an exter- 
nal counter. 


Sign Magnitude, Two’s Complement Conversion 


As part of the special instruction set, the Am2903 can convert 
between two’s complement and sign/magnitude representa- 
tions. Figure 11 illustrates the interconnection needed for sign 
magnitude/two’s complement conversion. The word to be 

. converted is applied to the S input port of the ALU (from the 
RAM B port or the DB I/O port). The C,, input of device 1 is 
connected to the Z pin. The sign bit (S3MSS) is brought out on the 
Z line and informs the other ALU’s if the conversion is being 
performed on a negative or positive number. If the number to be 
converted is the most negative number in two’s complement 
[ ie., 100... 00 (—2")], an overflow indication will occur. This is 
because —2" is one greater than any number that can be repre- 
sented in sign magnitude notation and hence an attempted con- 
version to sign magnitude from —2" will cause an overflow. When 
minus zero in sign magnitude notation (100... 0) is converted to 
two’s complement notation, the correct result is obtained 
(O...0). 
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Increment by One or Two 


incrementation by One or Two is made possible by the Special 
Function of the same name. This command is quite useful in the 
case of byte addressable words. Referencing Figure 12, a word 
may be incremented by one if C,, is LOW or incremented by two if 
C,, is HIGH. 


Unsigned Multiply 


This Special Function allows for easy implementation of un- 
signed multiplication. Figure 13 is the unsigned multiply flow 
chart. The algorithm requires that initially the RAM word ad- 
dressed by Address port B be zero, that the multiplier be in the 
Q Register, and that the multiplicand be in the register ad- 
dressed by Address port A. The initial conditions for the 
execution of the algorithm are that: 1) register Ro be reset to 
zero; 2) the multiplicand be in R;; and 3) the multiplier be in 
Ro. The first operation transfers the multiplier, Ro, to the Q 
Register. The Unsigned Multiply instruction is then executed 
16 times: During the Unsigned Multiply instruction, Ro is ad- 
dressed by RAM address port B and the multiplicand is ad- 
dressed by RAM address port A. 


When the unsigned Multiply command is given, the Z pin of 
device 1 becomes an output while the Z pins of the remaining 
devices are specified as inputs as shown in Figure 15. The Z 
output of device 1 is the same state as the least significant bit 
of the multiplier in the Q Register. The Z output of device 1 
informs the ALU’s of all the slices, via their Z pins, to add the 
partial product (referenced by the B address port) to the mul- 
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Figure 11. 2’s Complement~—= Sign/Magnitude. 
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Figure 13. Unsigned 16 X 16 Multiply Flowchart. 


tiplicand (referenced by the A address port) if Z = 1. If Z = 0, 
the output of the ALU is simply the partial product (referenced 
by the B address port). Since C,, is held LOW, it is not a fac- 
tor in the computation. Each positive-going edge of the clock 
will internally shift the ALU outputs toward the least significant 
bit and simultaneously store the shifted results in the register 
selected by the B address port, thus becoming the new partial 
sum. During the down shifting process, the C,,44 generated in 
device 4 is internally shifted into the Y3 position of device 4. 
At this time, one bit of the multiplier will down shift out of the 
QIQpo ports of each device into the QIO3 port of the next less 
significant slice. The partial product is shifted down between 
Chips in a like manner, between the SIO and SIO3 ports, with 
SIO, of device 1 being connected to QIO, of device 4 for 
purposes of constructing a 32-bit long register to hold the 
32-bit product. At the finish of the 16 x 16 multiply, the most 
significant 16 bits of the product will be found in the register 
referenced by the B address lines while the least significant 
16 bits are stored in the Q Register. Using a typical Computer 
Control Unit (CCU), as shown in Figure 16, the unsigned mul- 
tiply operation requires only two lines of microcode, as shown 
in Figure 17, and is executed in 17 microcycles. 


F=(B] +CnifZ=0 


F = (8) + (A) +CyhifZ2=1 Log. F/2>Y,B a/2>a 
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Two’s Complement Multiplication 


The algorithm for two’s complement multiplication is illustrated 
by Figure 14. The initial conditions for two’s complement mul- 
tiplication are the same as for the unsigned multiply operation. 
The Two’s Complement Multiply Command is applied for 15 
clock cycles in the case of a 16 x 16 multiply. During the 
down shifting process the term NOVR generated in device 
4 is internally shifted into the Y3 position of device 4. The data 
flow shown in Figure 15 is still valid. After 15 cycles, the sign 
bit of the multiplier is present at the Z output of device 1. At 


this time, the user must place the Two’s Complement Multiply 


Last cycle command on the instruction lines. The intercon- 
nection for this instruction is shown in Figure 18. On the next 
positive edge of the clock, the Am2903 will adjust the partial 
product, if the sign of the multiplier is negative, by subtracting 
out the two’s complement representation of the multiplicand. If 
the sign bit is positive, the partial product is not adjusted. At 
this point, two's complement multiplication is completed. Using 
a typical CCU, as shown in Figure 16, the two’s complement 
multiply operation requires only three lines of microcode, as 
shown in Figure 19, and is executed in 17 microcycles. 


START 

OinRo 
Multiplicand in Ry 
Multiplier in Ro 


2's COMPLEMENT 
MULTIPLY 
DECREMENT CTR 


2's COMPLEMENT 
MULTIPLY 
LAST CYCLE 


END 

Product (MS) in Rg 
Product {LS) inQ 
Multiplicand in Ry 
Multiplier in Ra 


Figure 14. 2’s Complement 16 X 16 Multiply. 
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DEVICE 2 DEVICE 1 


alo, Qld, 


Am2903 Am23903 


For unsigned multiply, Cp +4 MSS is internally shifted into position Y3 MSS; 2's complement multiply NYOVR 


is internally shifted into position Y3 MSS. 


Figure 15. Multiply. 
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Am2903 


MACRO INSTRUCTION 


Am2910 


MAPPING RiD n+7 CONTROL SYSTEM 


ROM PIPELINE CONTROL 
- REGISTER TO 2903'S 
EN Y 
cP 
MICRO- 
PROGRAM 
OE MEMORY 
P| 2918 


DATA 
PIPELINE 
REGISTER 


cp OE 
EN 
VECTOR 


MAPPING 
ROM 


INTERRUPT 


Op Ay Az Az 4 Os Og 
cp STATUS REG EN 


Po Di D2 D3 Pa Ds Ds Am25L$377 


Figure 16. Typical Computer Control Unit (CCU). 
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Micro Data 


Memory Am2910 Pipeline 
Address Inst Reg. Io I4—l, Ig—l; OEB OEY A3—Ap B3-—Bo Cy Comment 


net [0] 


Figure 17. Micro Code for Unsigned 16 X 16 Multiply. 


F = [8] +Cp if Z=0 
F=(B] —[A]—1+C,ifZ=1 Log. F/2>Y,B 


alo; 

Che 

OVR = Am2903 Am2903 Am2903 
N 

S103 


Note: N ¥ OVR is internally shifted into position Y3 MSS. 


Figure 18. 2’s Complement Multiply, Last Cycle. 
MPR-051 
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Am2903 


Data 


Memory Amz2910 Pipeline 
Address Inst Comment 


Load Counter & Ro > Q 
2's Complement Multiply 


2’s Complement 
Multiply (Last Cycle) 


Figure 19. Microcode for 2’s Complement 16 x 16 Multiply. 


START 

Divisor in Rg 
Dividend (MS) in Ry 
Dividend (LS) in Rg 


TWO’S COMPLEMENT DIVISION 


The division process is accomplished using a four quadrant 
non-restoring algorithm which yields an algebraically correct 
answer such that the divisor times the quotient plus the re- 
mainder equals the dividend. The algorithm works for both 
single precision and multi-precision divide operations. The 
only condition that needs to be met is that the absolute mag- 
nitude of the divisor be greater than the absolute magnitude 
of the dividend. For multi-precision divide operations the least 
significant bit of the dividend is truncated. This is necessary if 
the answer is to be algebraically correct. Bias correction is au- 
tomatically provided by forcing the least significant bit of the 
quotient to a one, yet an algebraically correct answer is still 
maintained. Once the algorithm is completed, the answer may 
be modified to meet the user’s format requirements, such as 
rounding off or converting the remainder so that its sign is the 
same as the dividend. These format modifications are ac- 
complished using the standard Am2903 instructions. 


The true value of the remainder is equal to the value stored in 
the working register times 2"—' when n is the number of quo- 
tient digits. 


The following paragraphs describe a double precision divide 
operation. The double precision flow chart is based upon the 
use of the architecture detailed in Figure 16. 


Referring to the flow chart outlined in Figure 20, we begin the 
algorithm with the assumption that the divisor is contained in 
Ro, while the most significant and least significant halves of 
the dividend reside in R; and R, respectively. The first step is 
to duplicate the divisor by copying the contents of Rg into Rg. 
Next the most significant half of the dividend is copied by 
transferring the contents of Ry into Ra while simultaneously 
checking to ascertain if the divisor (Ro) is zero. If the divisor is 
zero then division is aborted. If the divisor is not zero, the 
—— copy of the most significant half of the dividend in Ro is con- 
verted from its two’s complement to its sign magnitude rep- 
CWIDENE: resentation. The divisor in Rg is converted in like manner in 
the next step, while testing to see if the results of the dividend 


N 

conversion yielded an indication on the overflow pin of the 
Am2903. If the output of the overflow pin is a ‘one’ then the 
dividend is —2" and hence is the largest possible number, 
meaning that it cannot be less than the divisor. What must be 
done in this case is to scale the dividend by down shifting the 
upper and lower halves stored in R; and Rg respectively. 
<> After scaling, the routine requires that the algorithm be 

e reinitiated at the beginning. 
rae Conversely, if the output of the overflow pin is not a one, 
the sign magnitude representation of the divisor (Rg) is shifted 
up in the Am2903, removing the sign while at the same time 
END testing the results of two’s complement to sign magnitude 
pelo conversion of the divisor in the Am2910. If the results of the 
i, MPR-062 test indicate that the divisor is —2" i.e., overflow equals one, 
Figure 20. Division Flow Chart — Double Precision Divide. then the lower half of the dividend is placed in the Q register 
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F= [B] +Cp, Log. 2F>Y,B 


ald; 
F3'¥ Fp MSS Ch+4 
Fo¥ Fy MSS OVR Am2903 Am2903 
Fz MSS N 


$103 
(R3¥ F3) MSS 


Am2903 


Ql0g 


Am2903 Am2903 Cy 


Sl0g 


Figure 21. Double Length Normalize/First Divide Operation. 


F = [B] + [A] +Cyif2=0 


F= (B) ~ [A] -1+ChifZ=1 Log. 2F>Y,B 


alo3 

Cy+4 

OVR Am2903 
N 


S103 
(Fav R3} MSS 


SIGN COMPARE FF 


MPR-053 


. fae] 
Am2903 Am2903 Ch a 


SIO. SIO, 
3 z 0 


Figure 22. 2’s Complement Divide. 


F=[B] + [A] +CyifZ=0 
F=[B) — [A] -1+CphifZ=1 


ato, 
Ch+4 

OVR Am2903 Am2903 
N 

S103 


SIGN COMPARE FF 
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QIdg 


Am2903 Am2903 Cc, 


S10q 
z 


Figure 23. 2’s Complement Divide Correction. 


and division may proceed. This is possible because the di- 
visor is now guaranteed to be greater than the dividend. If 
overflow is not a one then we must proceed by shifting out 
the sign of the sign magnitude representation of the dividend 
stored in Ro. At this point we are able to check if the divisor is 
greater than the dividend by subtracting the absolute value of 
the divisor (R3) from the absolute value of the upper half of 
the dividend (Rz) and storing the results in R3. Next, the least 
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significant half of the dividend is transferred from Ry, to the Q 
register while simultaneously testing the carry from the result 
of the divisor/dividend subtraction. If the carry (C,44)is one, 
indicating the divisor is not greater than the dividend then a 
scaling operation must occur. This involves either shifting up 
the divisor or shifting down the dividend. If the carry is not 
one then the divisor is greater than the dividend and division 


“may now begin. 





Am2903 


Micro Data 
Memory Am2910 ee 
Address Inst. 


Dividend 
orDivisor 


PUSH | 00Di¢ 


Am29LS18 
E 


Comment 


’s C to S/M (Ra), if 
VR = 1, scale 


Shift out sign of divisor 
Shift out sign of divisor 
| X | 0 | Dividend —Divisor > Rg 


ia if 
Carry = 1, scale 
Loop set up & 
First Divide Operation 
Test Loop Count & 
2's C Divide 
2's C Divide Correction 


Figure 24. Microcode for Double Precision Divide. 


The first divide operation is used to ascertain the sign bit of 
the quotient. The two’s complement divide instruction is then 
executed repetitively, fourteen times in the case of a sixteen 
bit divisor and a thirty-two bit dividend. The final step is the 
two’s complement correction command which adjusts the quo- 
tient by allowing the least significant bit of the quotient to be 
set to one. At the end of the division algorithm the sixteen bit 
quotient is found in the Q register while the remainder now 
replaces the most significant half of the dividend in R,. It 
should be noted that the remainder must be shifted down fif- 
teen places to represent its true value. The interconnections 
for these instructions are shown in Figures 21, 22, 23. Using 
a typical CCU as shown in Figure 16, the double precision di- 
vide operation requires only eleven lines of microcode, as 
shown in Figure 24. 


For those applications that require truncation instead of bias 
correction, the same algorithm as above should be im- 
plemented except one additional Two’s Complement Divide 
instruction should be used in lieu of the Two’s Complement 
Divide Correction and Remainder instruction. However, this 
technique results in an invalid remainder. 


It is possible to do multiple-precision divide operations beyond 
the double precision divide shown above. For example, to do 
a triple precision divide for a 16-bit CPU, the upper two thirds 
of the dividend are stored in R; and Q as in the case for dou- 
ble precision divide. The lower third of the dividend is stored 
in a scratch register, Rs. After checking that the magnitude of 
the divisor is greater than the magnitude of the dividend, 
using the same tests as defined in Figure 20, the procedure is 
as follows: 


. Execute a Double Length Normalize/First Divide Operation 
instruction. 

. Execute the Two’s Complement Divide instruction fifteen 
times. 

. Transfer the contents of Q, the most significant half of the 
quotient, to Ro. 

. Transfer Rs to Q. 

. Execute the Two’s Complement Divide instruction fifteen 
times. 

. Execute the Two’s Complement Divide Correction and 
Remainder instruction. 


The upper half of the quotient is then in Ro, the lower half of 
the quotient is in Q and the remainder is in R;. The flow chart 
for this is shown in Figure 25. This technique can be ex- 
panded for any precision which is required. 


Byte Swap 


The multi-port architecture of the Am2903 allows for easy im- 
plementation of high- and low-order byte swapping. Figure 26 
outlines a byte swap implementation utilizing two data ports. 


‘Initially, the lower order 8-bit byte is stored in devices 1 and 2, 
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while the high-order byte is in devices 3 and 4. When the user 
wishes to exchange the two bytes, the register location of the 
desired word is placed on the B address port. When the byte 
swap line is brought LOW, the bytes to be swapped will be 
flowing from the DB ports of the Am2903 through the 
Am25LS240/244 Three-state Buffers. The outputs of the 





START 

Divisor In Ro 
Dividend (MS) in R; 
Dividend (Int.) in Rg 
Dividend (LS) In Rs 


OES 


2'S C-»S/M (R3) 


2'S C-™S/M (Ro) 


DIVIDEND 


< 


SCALE 
DIVISOR 
OR 


< 


DIVIDEND 


ee 
<> 
nes 
Ea 


Am2903 


1ST DIVIDE OP 


Y 
2'sc= 
CORRECTION 


END 

Quotient (MS) in Ro 
Quotlent (LS) in Q 
Remainder in Ry 


Figure 25. Division Flow Chart — Triple Precision Divide. 


three-state buffers are permuted such that the byte swap is 
achieved. The resultant permuted data is presented to the DA 
ports of the Am2903 where it is re-loaded into the memories 
of the Am2903 on the next positive edge of CP using the 
source and function commands of F= A plus C, (C, = 0) for 
the Am25LS240 or F = A plus C, (C, = 0) for the 
Am25LS244 and the destination command FY, B. 
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A higher speed technique for achieving the byte swap opera- 
tion is illustrated in Figure 27. Instead of inputting the per- 
muted data via the DA ports, the permuted data is inputted 
via the Y input/output ports with OEy held HIGH. This 
technique bypasses the ALU, thus allowing faster operation. 
The Am2903 destination command F - Y, B should be used. 


Am2903 


Memory Expansion 


The Am2903 allows for a theoretically infinite memory expansion. 
Figure 28 pictures a 4-bit slice of a system which has 48 words of 
RAM and 16 words of ROM. RAM storage is provided by the 
Am2903 and the Am29705’s. The Am29705 RAM is functionally 
identical to the Am2903 RAM. The Am29751A is used to store 
constants and masks and is addressable from address port A 
only. The system is organized around five data buses. Inter-bus 
communication may be done through the Am29705’s or the 


DEVICE 4 


DEVICE 3 


Am2903 


e E Am25LS240/244 
[fiieee 


Am2903. The memory addressing scheme specifies the data 
source for the R input of the ALU eminating from the register 
locations specified by address field A. Ap_3 addresses 16 mem- 
ory locations in each chip while address bits A,_g are decoded 
and used for the output enable for the desired chip. The B ad- 
dress field is used to select the S input of the ALU and the C fieldis 
used to specify the register location where the result of the ALU 
operation is to be stored. 


LSs 
DEVICE 1 


DEVICE 2 


Am2903 Am2903 


Figure 26. Byte Swap. 


MSS 
DEVICE 4 DEVICE 3 


Am2903 
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LSS 
DEVICE 1 


DEVICE 2 


Am2903 Am2903 


Figure 27. High Speed Byte Swap. 
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Bits Bp_3 are for source register addressing in each chip. Bits By 
and Bs are used for chip output enable selection. Cp_3 access the 
16 destination addresses on each chip while bits C, and Cs 
control the Write Enable of the desired chip. The source and 
destination register address are multiplexed such that when the 
clock is HIGH, the source register address is presented to the B 
address ports of the RAM’s. The Instruction Enable (IEN) is HIGH 
at this time. The data flows from the Y port or the interna! B port as 
selected by the decoder whose inputs are By and Bs. When the 
clock goes LOW, the data eminating from the selected Y outputs 
of the Am29705’s and the RAM outputs of the Am2903 are 


BUS 2 BUS 3 CP 


n/ —V/ oN 


Ao-A3 


09-93 


Am29751A 


E WE 
Am29705 


E WE 
Am29705 


-—s 


me tor 

ze 

JEN 

OE 
0000000 0 — 


10F8 
DECODER 


Figure 28. 
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latched and the destination address is now selected for use by the 
RAM address lines. When the destination address stabilizes on 
the address lines, the lIEN pin is brought LOW. The WRITE output 
of the Am2903 will now go LOW, enabling the decoder sourced 
by address bits C, and Cs. The selected decoder line will go 
LOW, allowing the desired memory location to be written into. To 
switch between two- and three-address architecture, the user 
simply makes the source and destination addresses the same; 
i.e., Bo-3 = Co-3 and Byg_s = Cy4_s5. For two-address ar- 
chitecture, the MUX is removed from the circuit. 


WE FOR 
EXT DEST 


1OF4 


DECODER DECODER 


SOURCE 
B3 ~ Bo 


DEST 
C3—Cg 


Expanded Memory. 
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Am2904 


Status and Shift Control Unit 


‘ ADVANCE INFORMATION 


DISTINCTIVE CHARACTERISTICS 


@ Replaces most MSI used around any ALU including the 
Am2901A, Am2903 and MSI ALUs. 


Generates Carry-In to the ALU 
Carry signal is selectable from 7 different sources. 


Contains shift linkage multiplexers 

Connects to shift lines at the ends of a Am2901A or Am2903 
array to implement single and double length arithmetic and 
logical shifts and rotates — 32 different modes in all. 


Contains two edge-triggered status registers 

Use for foreground/background registers or as microlevel and 
machine level status registers. Bit manipulating instructions 
are provided. 


Condition Code Multiplexer on chip 

Single cycle tests for any of 16 different conditions. Tests can 
be performed on either of the two status registers or directly on 
the ALU output. 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the de- 
sired package, temperature range, and screening level. 


Package 
Type 
(Note 1) 


P-40 
D-40 
D-40 
D-40 
D-40 
F-42 
F-42 


Dice 
Dice 


Temperature 
Range 
(Note 2) 


Screening 
Level 
(Note 3) 


C-1 

C-1 

B-1 

C-3 

B-3 

C-3 

B-3 
Visual inspection 
to MIL-STD-883 
Method 2010B. 


Order 
Number 


AM2904PC 
AM2904DC 
AM2904DC-B 
AM2904DM 
AM2904DN-B 
AM2904FM 
AM2904FM-B 


AM2904XC 
* AM2904XM 


=O £222000 


| 


Notes: 

1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number follow- 
ing letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash’ numbers, any of the 
variations of the package may be used unless otherwise specified. 

. C = 0°C to +70°C, M = —55°C to +125°C. 

. See Appendix A for details of screening. Levels C-1 and C-3 con- 
form to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD- 
883, Class B. 
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DESCRIPTION 


The Am2904 is designed to perform all the miscellaneous func- 
tions which are usually performed in MSI around an ALU. These 
include the generation of the carry-in signal to the ALU and carry 
lookahead unit; the interconnection of the data path, auxiliary 
register, and carry flip-flop during shift operations; and the stor- 
age and testing of ALU status flags. These tasks are ac- 
complished in the Am2904 by three nearly independent blocks of 
logic. The carry-in is generated by a multiplexer. The shift link- 
ages are established by four three-state multiplexers. There are 
two registers for storing the carry, overflow, zero, and negative 
status flags. The condition code multiplexer on the Am2904 can 
look at true or complement of any of the four status bits and 
certain combinations of status bits from either of the storage 
registers or directly from the ALU. 


BLOCK DIAGRAM 


12, tn: les lover 


MICRO 
STATUS 
REGISTER 


MACHINE 
STATUS 
REGISTER 


Mc Mz My Movr 


1 
POLARITY 
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PRODUCT DESCRIPTION 


The Am2904 Status and Shift Control Unit provides four func- 
tions which are included in all processors. These are: a) 
Status Register, b) Condition Code Multiplexer, c) Shift Link- 
ages and d) Carry-in Control. 


STATUS REGISTER 


The Am2904 contains two four-bit registers which can store 
the status outputs of an ALU: Carry (C), Negative (N), Zero 
(Z), and Overflow (OVR). They are designated Micro Status 
Register (uSR) and Machine Status Register (MSR). Each 
register can be independently controlled. 


The «SR can be loaded from the four status inputs (Ic, In, Iz, 
lover) or from the MSR under instruction control (Ips). The 
bits in the ~SR can also be individually set or reset under in- 
struction control (lps). When the CE, input is HIGH, the 
»SR is inhibited from changing, independent of the Ip_s5 in- 
puts. 


The MSR can be loaded from the four status inputs (Ic, In, Iz, 
love), from the «SR and from the four parallel input/output 
pins (Yc, Yn, Yz, Yovra) under instruction control (lp_s5). The 
bits in the MSR can also be individually set, reset or com- 
plemented under instruction control (I9p-5). The bits in the 
MSR can be selectively updated by controlling the four bit- 
enable inputs (Ez, Ey, Ec, Eovr) and the CEy input. A LOW 
on both the CE, input and the bit enable input for a specific 
bit enables updating that bit. A HIGH on a given bit enable 
input disables the corresponding bit in the MSR. 


The four parallel bidirectional input/output pins (Yz, Yn, Ye: 
Yovr) allow the contents of both the «SR and the MSR to be 
transferred to the system data bus and also allow both regis- 
ters to be loaded from the system data bus. This capability is 
used to save and restore registers during microleve! sub- 
routines and when servicing interrupts. 


CONDITION. CODE MULTIPLEXER 


The Condition Code Multiplexer output, CT, can be selected 
from 16 different functions which test for arithmetic compari- 
sons such as “greater than”, “ greater than or equal to”, “less 
than” and “less than or equal to”, for both unsigned numbers 
and two’s complement numbers. The Am2904 has the ability 
to perform these tests on the contents of the wSR, the MSR 
or the direct status inputs, (Iz, Ix, Ic, lova). The CT output is 
used as the test (CC) input of the Am2910. 


SHIFT LINKAGE MULIPLEXER 


The Shift Linkage Multiplexer generates the necessary out- 
puts to perform 32 different shift and rotate functions. Both 
single length and double length shifts and rotates are pro- 
vided. Shifts and rotates both with and without carry (Mc) are 
provided. When the SE input is High, the four input/output 
pins (SIOg, SIO,, QlIOp, QIO,) are disabled. The SlOp, SIO, 
QIO, and QIO, pins of the Am2904 are intended to be di- 
rectly connected to the RAM», RAM3, Qo, and Q3 pins of the 
Am2901A or the SIO», SIO3, QIOg and QIO; pins of the 
Am2903. 
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CARRY-IN CONTROL MULTIPLEXER 


The Carry-in Control Multiplexer generates the Cg output 
which can be selected from 7 functions (0, 1, Cx, uc, Mc, He, 
Mc). These functions allow easy implementation of both 
single length and double length subtraction with either carry or 
borrow and single length and double length addition. The Cy 
input is intended to be connected to the Z output of the 
Am2903 to facilitate execution of some of the Am2903 special 
instructions. The Co pin is to be connected to the C, pin of 
the least significant Am2901A or Am2903 and the C,, pin of 
the Am2902. 


BLOCK DIAGRAM 
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INSTRUCTION 
REGISTER 
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OTHER STATUS 
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MICROPROGRAM 
MEMORY 


PIPELINE 
REGISTER 
OPERAND 


SELECT 


DATA BUS (16 BITS) 


MEMORY ADDRESS REGISTER Amz2920 


ADDRESS BUS (16 BITS) 


BUS INTERFACE 
Am2917A 


Am2901A 
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Figure 1. Typical Application of Am2904 with Am2901A. 
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Figure 2. Typical Application of Am2904 with Am2903. 
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Am2905 


Quad Two-Input OC Bus Transceiver With Three-State Receiver 





Distinctive Characteristics © Receiver has output latch for pipeline operation 


@ Three-state receiver outputs sink 12 mA 

@ Advanced low-power Schottky processing 

@ 100% reliability assurance testing in compliance with 
MIL-STD-883 


@ Quad high-speed LSI bus-transceiver 

@ Open-collector bus driver 

® Two-port input to D-type register on driver 

@ Bus driver output can sink 100 mA at 0.8V max. 


FUNCTIONAL DESCRIPTION 

The Am2905 is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microprocessor 
system applications. The device consists of four D-type 
edge-triggered flip-flops with a built-in two-input multi- 
plexer on each. The flip-flop outputs are connected to four 
open-collector bus drivers. Each bus driver is internally con- 
nected to one input of a differential amplifier in the receiver. 
The four receiver differential amplifier outputs drive four 
D-type latches that feature three-state outputs. 


This LSI bus transceiver is fabricated using advanced low- 
power Schottky processing. All inputs (except the BUS in- 
puts) are one LS unit load. The open-collector bus output 
can sink up to 100 mA at 0.8V maximum. The BUS input 
differential amplifier contains disconnect protection diodes 
such that the bus is fail-safe when power is not applied. The 
bus enable input (BE) is used to force the driver outputs io 
the high-impedance state. When BE is HIGH, the driver is 
disabled. The open-collector structure of the driver allows 
wired-OR operations to be performed on the bus. 

The input register consists of four D-type flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls 
the four multiplexers. When S is LOW, the Aj data is stored 
in the register and when S is HIGH, the Bj data is stored. 
The buffered common clock (DRCP) enters the data into 
this driver register on the LOW-to-HIGH transition. 


Data from the A or B inputs is inverted at the BUS output. 


Likewise, data at the BUS input is inverted at the receiver 
output. Thus, data is non-inverted from driver input to 
receiver output. The four receivers each feature a built-in 
D-type latch that is controlled from the buffered receiver 
Jatch enable (RLE) input. When the RLE input is LOW, the 
latch is open and the receiver outputs will follow the bus 


inputs (BUS data inverted and OE LOW). When the RLE © 


input is HIGH, the latch will close and retain the present 
data regardless of the bus input. The four latches have three- 
state outputs and are controlled by a buffered common 
three-state contro! (OE) input. When OE is HIGH, the 
receiver outputs are in the high-impedance state. 
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LOGIC SYMBOL 
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Am2905 


BUS; BUS, 


Vec = Pin 24 
GND, =Pin6 
GND» = Pin 18 
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CONNECTION DIAGRAM 
Top View 


Note: Pin 1 is marked for orientation. 





LOGIC DIAGRAM 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 


—65°C to +150°C 


Temperature (Ambient) Under Bias CCC‘ BH YO +1H°C 


Supply Voltage to Ground Potential 


—55°C to +125°C 
—0.5V to +7V 


DC Voltage Applied to Outputs for HIGH Output State 


DC Input Voltage 

DC Output Current, Into Outputs (Except Bus) 
DC Output Current, Into Bus 
DC Input Current 


ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2905XC (COM'L) Ta =0°C to +70°C 
Am2905XM (MIL) Ta = ~55°C to +125°C 


VecMIN. =4.75V VocMAX. = 5.25V 
VecMIN. = 4.50V VogMAX. = 5.50V 


BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Typ. 


Parameters (Note 2) 


Description Test Conditions (Note 1) Min. 


Bus Leakage Current MIL 


Vo = 4.5V 
COM’L 
Bus Leakage Current = 
l V0 =4.5V 
(Power OFF) 2 
Receiver Input HIGH 
Threshold 


Receiver Input LOW 
Threshold 


Bus Output LOW Voltage 


Bus enable = 2.4V 


Bus enable = 2.4V 


—0.5V to +Vog max. 
—0.5V to +5.5V 
30mA 

200mA 

—30mA to +5.0mA 





Am2905 
ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2905XC (COM’L) Ta =0°C to +70°C VocMIN.=4.75V  VeGgMAX. = 5.25V 
Am2905XM MIL) Ta =—-55°C to +125°C VoecMIN.=4.50V VcecMAX. =5.50V 


DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 










Typ: 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 
HIGH Voltage VIN = Vitor Vin COM'L, loy = —2.6mA 24 3.4 
lol =4mA 0.27 


Receiver Output Vec=MIN. — 
LOW Vottage VIN=ViLor Mi L-lOL=8mA ee ee ee 


Vin Input HIGH Level Guaranteed input logical HIGH 20 
(Except Bus) for all inputs 
V Input LOW Level Guaranteed input logical LOW el ee 0.7 
IL (Except Bus) for all inputs COM'L Ee = OR 3 
v1 Input Clamp Voltage Vec = MIN., ly = —18mMA 
(Except Bus) 
Input LOW Current = = 
! Vcc = MAX., Vin = 0.4V 
(Except Bus) =~ a 
‘Input HIGH Current = z 
I Voc = MAX., Vin = 2.7V 
(Except Bus) eas Ly 
Input HIGH Current 
Vcc = MAX.,, Vin =5.5V 
dee (Except Bus) ce Le 











Receiver Off-State 
Output Current 


Receiver Output 
Short Circuit Current 


Power Supply Current 





Am2905XM Am2905XC 


Typ. Typ. 
Min. (Note2) Max. Min. (Note 2) Max. 





Parameters Description Test Conditions 


Driver Clock (DRCP) to Bus 
Ry (BUS) = 502 r= = 


tPHL = 
Bus Enable (BE) to Bus 


th 


aes Select Input (S) 
t 


tpy Driver Clock (DRCP) Pulse Width 
{HIGH} 


tPLH Bus to Receiver Output 


(Latch Enable) 


tp 
Latch Enable to Receiver Output 
tPHL 


Bus to Latch Enable (RLE) 








ies] 


w 
o 








2 
2 


Wi 


Data Inputs (A or B) 







N 
w& 


w 

~ 
ae eee Pa 
a ;o ° 


Ww 
°o 


(os) 
oy 


NT NM 
_ | — 
wl] w 
A/S 


ajo N 
WI] = 


[o) 
b 


th 
t 


ZH 
Output Control to Receiver Output 
ZL 


tH2Z 
LZ 





NTN 
a;o 


Ny 
ol 





; Output Control to Receiver Output 





NO 
ol 


Notes: 1, For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Am2905 


INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


DRIVEN INPUT ORIVING OUTPUT 


Note: Actual current flow direction shown. 
MPR-066 


TYPICAL PERFORMANCE CURVES 


Bus Output Low Voltage Receiver Threshold Variation 
Versus Ambient Temperature Versus Ambient Temperature 


1.0 25 


S 
o 















































wn 
e 
2a 
9° 
> 
! 
Ww 
iS) 
< 
E 
a 
f°) 
> 
= 
2 
a 
= 
=] 
° 
nn 
2 
[o2) 
| 
a 
io) 
> 


1.5 
-55 -35-15 5 25 45 65 85 105 125 
Ta, — AMBIENT TEMPERATURE — °C 
MPR-067 MPR-068 


—-55 -35 -15 5 25 45 65 85 105 125 
Ty, — AMBIENT TEMPERATURE — °C 


V7 — RECEIVER THRESHOLD VOLTAGE — VOLTS 


SWITCHING WAVEFORMS 


aa 
fe 


ORIVER 
CLOCK 


‘run—e| 


RECEIVER 
OUTPUT 


Note: Bus to Receiver output delay is measured by clocking data into the driver register 


and measuring the BUS to R combinatorial delay. 
MPR-069 
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Am2905 


FUNCTION TABLE ORDERING INFORMATION 


Order the part number according to the table below to obtain the de- 
sired package, temperature range, and screening level. 


Package Temperature Screening 

INPUTS Ee Order Type Range Level 
Fo; [B05 FUNCTION Number (Note 1) (Note 2) (Note 3) 
Em 


[ z | x Driver er cutonit disable AM2905PC P-24 C-1 
C-1 
B-1 
C-3 
B-3 
C-3 
B-3 
Visual inspection 


x 
N 


x 


< 


aes AMZ905DC_ 24 


|_| 
L Driver output disable and AM2905DC-B D-24 
H receive data via Bus input AM2905DM D-24 


Petpet be derbe De faese[ Latch received data *  AM2905DM-B D-24 


AM2905FM F-24 
; x x x 
t x x 
a Pe 


AM2905FN-B F-24 
NC 
NC 
Notes: 
1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number follow- 
,1,2,3 


AM2905XC Dice 
AM2905XM Dice 
ing letter is number of leads. See Appendix B for detailed outline. 
H=HIGH Z=HIGHImpedance X = Don't care ~ 
L=LOW NC =Nochange t = LOW to HIGH eee Where Appendix B contains several dash numbers, any of the 
variations of the package may be used unless otherwise specified. 
. C = 0°C to +70°C, M = —55°C.to +125°C. 
. See Appendix A for details of screening. Levels C-1 and C-3 con- 
form to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD- 
883, Class B. 


x 


Load driver register 


No driver clock restrictions 


to MIL-STD-883 
Method 20108. 


=O 22252000 


x 
x 
x: 
x 


EE 


DEFINITION OF FUNCTIONAL TERMS LOAD TEST CIRCUIT 


Ag, Ay, 42, A3 The ‘A’ word data input into the two 
input multiplexer of the driver register. 


Bo, By, Bz, B3 The “B’’ word data input into the two 
input multiplexers of the driver register. 


Select. When the select input is LOW, the 

A data word is applied to the driver reg- 

ister. When the select input is HIGH, the Cy 
B word is applied to the driver register. 


Driver Clock Pulse. Clock pulse for the = 
driver register. 


Bus Enable. When the Bus Enable is HIGH, 
the four drivers are in the high impedance 
state. 


BUSp, BUS, The four driver outputs and receiver in- 
BUS», BUS3 puts (data is inverted). MPR-070 


Ro, Ri, R2, R3 The four receiver outputs. Data from the 
bus is inverted while data from the A or B 
inputs is non-inverted. 


LE Receiver Latch Enable. When RLE is 
LOW, data on the BUS inputs is passed 
through the receiver latches. When RLE 
is HIGH, the receiver latches are closed 
and will retain the data independent of 
all other inputs. 


Output Enable. When the OE input is 
HIGH, the four three state receiver out- 
puts are in the high-impedance state. 





DIE SIZE 0.080" X 0.130” 
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A .CONTROL 8B 


ALU 


OUT 


ADDRESS 
AND 
DATA DISPLAY 


Am2905 


APPLICATIONS 


N 
CONTROL 


SCRATCHPAD MASTER 


CONTROL 


OUT 


REMOTE 
OPERATION 


B CONTROL 8 CONTROL B CONTROL 


Am2905 Am2905 Am2905 


ADDRESS CONTROL 
BUS BUS 


The Am2905 is a universal Bus Transceiver useful for many system data, address, control and 


timing input/output interfaces. 
MPR-071 


Amg080 1/0 DEVICES MEMORY 


TITTLE 


ry 


Am26S10 Am26S10 


ADDRESS 


rer | Pea 


Using the Am2905 and Am26S10 in a terminated Bus system for the Am9080 MOS Microprocessor. 


MPR-072 
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Am2906 


Quad Two-Input OC Bus Transceiver With Parity 





Distinctive Characteristics 


®@ Quad high-speed LSI bus transceiver. ® Receiver has output latch for pipeline operation. 

@ Open-collector bus driver. @ Receiver outputs sink 12 mA. 

© Two-port input to D-type register on driver. @ Advanced low-power Schottky processing. 

® Bus driver output can sink 100 mA at 0.8V max. @ 100% reliability assurance testing in compliance with 
@ Internal odd 4-bit parity checker/generator. MIL-STD-883. 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am2906 is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microprocessor 
system applications. The device consists of four D-type 
edge-triggered flip-flops with a built-in two-input multiplexer 
on each. The flip-flop outputs are connected to four open- 
collector bus drivers, Each bus driver is internally con- 
nected to one input of a differential amplifier in the receiver. 
The four receiver differential amplifier outputs drive four 
D-type latches. The device also contains a four-bit odd 
parity checker/generator. 


Ap Bg Ay By Ap Bg 


s 


Am2306 
This LS! bus transceiver is fabricated using advanced low- 


power Schottky processing. All inputs (except the BUS in- 
puts) are one LS unit load. The open-collector bus output 
can sink up to 100 mA at 0.8V maximum, The BUS input 
differential amplifier contains disconnect protection diodes 
such that the bus is fail-safe when power is not applied, The 
bus enable input (BE) is used to force the driver outputs to 
the high-impedance state. When BE is HIGH, the driver is 
disabled. The open-collector structure of the driver allows 
wired-OR operations to be performed on the bus. 


BUSg BUS; BUS 


Vec = Pin 24 
GND, =Pin6 
GND2 = Pin 18 


The input register consists of four D-type flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls 
the four multiplexers. When S is LOW, the Aj data is stored 


MPR-073 


in the register and when S is HIGH, the B; data is stored. 
The buffered common clock (DRCP) enters the data into 
this driver register on the LOW-to-HIGH transition. 


CONNECTION DIAGRAM 
Top View 


Data from the A or B input is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver 
output. Thus, data is non-inverted from driver input to 
receiver output. The four receivers each feature a built-in 
D-type latch that is controlled from the buffered receiver 
latch enable (RLE) input. When the RLE input is LOW, the 
latch is open and the receiver outputs will follow the bus 
inputs (BUS data inverted). When the RLE input is HIGH, 
the latch will close and retain the present data regardless of 
the bus input. 

Am2906 


The Am2906 features a built-in four-bit odd parity checker/ 
generator. The bus enable input (BE) controls whether the 
parity output is in the generate or check mode. When the 
bus enable is LOW (driver enabled), odd parity is generated 
based on the A or B field data input to the driver register. 
When BE is HIGH, the parity output is determined by the 
four latch outputs of the receiver, Thus, if the driver is en- 
abled, parity is generated and if the driver is in the high- 
impedance state, the BUS parity is checked. 


Note: Pin 1 is marked for orientation: 
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Am2906 


LOGIC DIAGRAM 


BUSy BUS, BUS, BUS, 
es ‘ 
raed 
Ey fer lps 
a Da > > oo =a, 

dl Se ae DD 
OY To 208 
fC PARITY 
Pee ) 


SELECT so fe ee 


Q. 





DRIVER 
clock PRCP © 

BUS _ ‘ 5 are RECEIVER 
ENABLE BE 0 RE ob aTCH ENABLE 





MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vocg max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, [Into Outputs (Except Bus) 30mA 


DC Output Current, Into Bus 200mA 
DC [Input Current —30mA to +5.0mA 





ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2906XC (COM'L) Ta =0°C to +70°C Vec MIN. =4.75V. Voc MAX. = 5.25V 
Am2906XM (MIL) Ta=—55°C to+125°C Voc MIN.=4.50V. Vcc MAX. = 5.50V 


BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


lot = 40mA 
Bus Output LOW Voltage lot = 70mA 
: loL = 100mA 


Vo = 0.4V 
Bus Leakage Current Vec = MAX. Vo = 4.5V 





Bus Leakage Current Vo = 4.5V 
(Power OFF) 
Receiver Input HIGH 
Vv = 
TH Threshold Bus enable = 2.4V 
VTL Receiver Input LOW Bus enable = 2.4V : 
Threshold 
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Am2906 
ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 














Am2906XC (COM’L) Ta =O°Cto+70°C Vcc MIN. = 4.75V Vec MAX. = 5.25V 
Am2906XM (MIL) Ta =—55°Cto+125°C = Voc MIN. 4.5V Voc MAX. = 5.5V 
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 
Vee = MIN. pm [tow=-tma [24 | sa || 
HIGH Voltage Vin = Vit or Vy COM'L 2.4 3.4 
loL = 4mA 0.27 
cuit | 04 | 


VoL Output LOW Voltage 
(Except Bus) Vin = Vitor Vin 





we 
> 


9o;9° 

foo i) 
< 
° 
a 


ceay 


Input HIGH Level Guaranteed input logical HIGH 
(Except Bus) for all inputs 

Input LOW Level 

(Except Bus) 

Input Clamp Voltage 
(Except Bus) 


oO 









COM'L 


Guaranteed input logical LOW 
for all inputs 








Vec = MIN., iy = —18MA 









Vcc = MAX., Vin = 0.4V 


Input LOW Current 
(Except Bus) 
Input HIGH Current 
(Except Bus) 
Input HIGH Current 
= MAX., Vin = 5.5V 
(Except Bus) Vcc = MAX., Vin =5 
Output Short Circuit Current Voc = MAX. as 
(Except Bus) 


Power Supply Current Vcc = MAX., All inputs = GND 


Vcc = MAX., Vin = 2.7V 


3 
> 


~ 
NO 


f 
> 


or 





Am2906XM Am2906XC 


Typ. Typ. 
Min, (Note 2) Max. | Min. (Note 2) Max. 





Parameters Description Test Conditions 


tPHL 
| PHL Driver Clock (DRCP) to Bus 
tPHL anes 
| PHL Bus Enable (BE) to Bus 
— Data Inputs (A or B) 
| Select Inputs (S) 


th 

tpw Clock Pulse Width (HIGH) 
Bus to Receiver Output 
(Latch Enabled) 


tPLH 
Latch Enable to Receiver Output 
Bus to Latch Enable (RLE) 


Units 


















nN 
= 
nN 
top) 






nN 


C_ (BUS) = 50pF 
R,_ (BUS) = 502 6 


26 


23 
23 


= 


. afoain 
ww 
~ ~N 











N 
NIN]Jwl]Nin 
AlolOjo}w 


N 
N 


alo 
= wlo lol 


w 
hb 










A or B Data to Odd Parity Output 21 6 
(Driver Enabled) 71 36 
Bus to Odd Parity Output 21 21 36 
(Driver inhibited, Latch Enabled) 21 21 36 





Latch Enable (RLE) to 


Odd Parity Output 


(8) 
[o>] 









ce 
a ars 
w 
p 


Notes: 1. For conditions shown as MIN. or MAX,, use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second, 
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Am2906 


iNPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


DRIVEN INPUT DRIVING OUTPUT 


Note: Actual current flow direction shown, 


TYPICAL PERFORMANCE CURVES 


Bus Output Low Voltage Receiver Threshold Variation 
Versus Ambient Temperature Versus Ambient Temperature 
1.0 


° 
&% 


S 
a 








9 
b 


















































wn 
Ke 
a 
(eo) 
> 

| 
Wu 
oO 
< 
KE 
a 
ie) 
> 
bE 
2 
a 
ra 
2 
Ors 
n 
2 
ao 

t 

a 

°o 
> 


i?) 
-55 -35-15 5 25 45 65 85 105 125 


T, — AMBIENT TEMPERATURE ~— °C 


1.5 
-55 -35-15 5 25 45 65 85 105 125 
Ta — AMBIENT TEMPERATURE — °C 


V7 — RECEIVER THRESHOLD VOLTAGE — VOLTS 


MPR-077 MPR-078 


SWITCHING WAVEFORMS 


ee 


‘oun ie 


DRIVER 
CLOCK 


BUS 
OUTPUT 


RECEIVER 
OUTPUT 


a 


Note: Bus to Receiver output delay is measured by clocking data into the driver register 
and measuring the BUS to R combinatorial delay. 
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Am2906 


FUNCTION TABLE 


INPUTS 


INTERNAL [Bus | 
OUTPUT 
TO DEVICE FUNCTION 


Rj 


Driver output disable and 
receive data via Bus input 





Load driver register 





Drive Bus 





H = HIGH Z = HIGH Impedance X = Don't care i=0,1,2,3 
L=LOW NC =Nochange t = LOW to HIGH transition 


DEFINITION OF FUNCTIONAL TERMS 


Ao. Ai, A2, A3 


Bo, By, Bz, B3 


BUSo, BUS, 
BUS», BUS3 
Ro, Ri, R2, R3 


The “A” word data input into the two 
input multiplexer of the driver register. 


The ‘’B’’ word data input into the two 
input multiplexers of the driver register. 


Select. When the select input is LOW, the 
A data word is applied to the driver reg- 
ister. When the select input is HIGH, the 
B word is applied to the driver register. 


Driver Clock Pulse. Clock pulse for the 
driver register. 


Bus Enable. When the Bus Enable is HIGH, 
the four drivers are in the high impedance 
state. 


The four driver outputs and receiver in- 
puts (data is inverted). 


The four receiver outputs. Data from the 
bus is inverted while data from the A or B 
inputs is non-inverted. 


Receiver Latch Enable. When RLE is 
LOW, data on the BUS inputs is passed 
through the receiver latches. When RLE 
is HIGH, the receiver latches are closed 
and will retain the data independent of 
all other inputs. 


Output Enable. When the OE input is 
HIGH, the four three state receiver out- 
puts are in the high-impedance state. 


No driver clock restrictions 
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ORDERING INFORMATION 


Order the part number according to the table below to obtain the de- 
sired package, temperature range, and screening level. 


Package Temperature Screening 
Order Type Range Level 
Number (Note 1) (Note 2) (Note 3) 


AM2906PC P-24 C-1 
AM2906DC D-24 C-1 
AM2906DC-B D-24 B-1 
AM2906DM D-24 C-3 
AM2906DM-B D-24 B-3 
AM2906FM F-24 C-3 
AM2906FM-B F-24 B-3 


AM2906XC Dice Visual inspection 


| to MIL-STD-883 
AM2906XM Dice Method 2010B. 


ZO £222000 


Notes: 

1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number follow- 
ing letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the 
variations of the package may be used unless otherwise specified. 

. C = 0°C to +70°C, M = —55°C to +125°C. 

. See Appendix A for details of screening. Levels C-1 and C-3 con- 
form to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD- 
883, Class B. 


LOAD TEST CIRCUIT 


R 
Am2906 OR 
PARITY 

Cy 

15 pF 

(NOTE 1) 


DIE SIZE 0.080” X 0.130” 





Am2906 
APPLICATIONS 


SELECT 


CLOCK 


Am2906 Am2906 Am2906 


BUS BUS PARITY 
ENABLE 


LATCH 
ENABLE 


ODD/EVEN 
CONTROL 
L = EVEN 


H= ODD 
Py Pp Pz Pa Ps Pg Pz Pg Pg 


Am82S62 


EVEN 


CHECK 
PARITY OUTPUT 


Generating or checking parity for 16 data bits. 
MPR-081 


1/0 DEVICES MEMORY 
D A 


Ww, I, 
ITI 


DATA 


[anne © Se | apes | | 


ADDRESS 


| nee | ee 


Using the Am2906 and Am26S10 in a terminated Bus system for the Am9080 MOS Microprocessor. 





MPR-082 
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Am2907 


Quad Bus Transceiver With Three-State Receiver And Parity 





Distinctive Characteristics 


Quad high-speed LS! bus-transceiver 
Open-collector bus driver 

D-type register on driver 

Bus driver output can sink 100 mA at 0.8 V max. 
Internal odd 4-bit parity checker/generator 


FUNCTIONAL DESCRIPTION 


The Am2907 is a high-performance, low-power Schottky bus 
transceiver intended for bipolar or MOS microprocessor system 
applications. The device consists of four D-type edge-triggered 
flip-flops. The flip-flop outputs are connected to four open- 
collector bus drivers. Each bus driver is internally connected 
to one input of a differential amplifier in the receiver. The 
four receiver differential amplifier outputs drive four D-type 
latches, that feature three-state outputs. The device also con- 
tains a four-bit odd parity checker/generator. 


This LS! bus transceiver is fabricated using advanced low- 
power Schottky processing. Al! inputs (except the BUS inputs) 
are one LS unit load. The open-collector bus output can sink 
up to 100 mA at 0.8 V maximum. The BUS input differential 
amplifier contains disconnect protection diodes such that the 
bus is fail-safe when power is not applied. The bus enable input 
(BE) is used to force the driver outputs to the high-impedance 
state. When BE is HIGH, the driver is disabled. The open- 
collector structure of the driver allows wired-OR operations to 
be performed on the bus. 


The input register consists of four D-type flip-flops with a 
buffered common clock. The buffered common clock (DRCP) 
enters the Aj data into this driver register on the LOW-to-HIGH 
transition. 

Data from the A input is inverted at the BUS output. Like- 
wise, data at the BUS input is inverted at the receiver output. 
Thus, data is non-inverted from driver input to receiver output. 
The four receivers each feature a built-in D-type latch that is 
controlled from the buffered receiver latch enable (RLE) input. 
When the RLE input is LOW, the latch is open and the receiver 
outputs will follow the bus inputs (BUS data inverted and OE 
LOW). When the RLE input is HIGH, the latch will close and 
retain the present data regardless of the bus input. The four 
latches have three-state outputs and are controlled by a 
buffered common three-state control (OE) input. When OE is 
HIGH, the receiver outputs are in the high-impedance state. 


The Am2907 features a built-in four-bit odd parity checker/ 
generator. The bus enable input (BE) controls whether the 
parity output is in the generate or check mode. When the bus 
enable is LOW (driver enabled), odd parity is generated based 
on the A field data input to the driver register. When BE is 
HIGH, the parity output is determined by the four latch out- 
puts of the receiver. Thus, if the driver is enabled, parity is 
generated and if the driver is in the high-impedance state, the 
BUS parity is checked. 


Receiver has output latch for pipeline operation 
Three-state receiver outputs sink 12 mA 

Advanced Low-Power Schottky processing 

100% reliability assurance testing in compliance with 
MIL-STD-883 


LOGIC SYMBOL 


opp 
Ro 

Am2907 R1 

R2 

OE R3 


BUSg BUS; BUS2 BUS3 
Qo QO © O 


Vcc = Pin 20 
GND, =Pin5 
GND» = Pin 15 
MPR-083 


CONNECTION DIAGRAMS 
Top Views 


Am2907 


Note: Pin 1 is marked for orientation. 





Am2907 


LOGIC DIAGRAM 


8 US. 


cb ae OUTPUT 


OOF CONTROL 


O PARITY 


DRIVER 


clock ORCPO 


RECEIVER 


BUS ORLE LATCH 
ENABLE 5© © oN ENABLE 





MAXIMUM RATINGS (Above which the useful life may be impaired) 








Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
Supply Voltage to Ground Potential -0.5 V to+7V 
DC Voltage Applied to Outputs for HIGH Output State -0.5 V to +Vcc max. 
DC Input Voltage -0.5 V to +5.5 V 
DC Output Current, Into Outputs (Except BUS) 30 mA 
DC Output Current, Into Bus 200 mA 
DC Input Current -30 mA to +5.0 mA 


ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2807XC (COM'L) Ta = 0°C to +70°C Vcc MIN. =4.75V. Veg MAX. = 5.25V 
Am2907XM (MIL) Ta =—55°C to +125°C = Voc MIN. = 4.50V Vec MAX. = 5.50V 
BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
; Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 










Toone 

Bus Output LOW Voltage fscerm Fics 
PTor=1oma 

Pvoroav 

Bus Leakage Current Vo=45V ee eee 
| 

| 24 | 





COM'L 
OFF Bus Leakage Current (Power Off) Vo =4.5V 


Pin | 2.4 
Receiver Input HIGH Threshold Bus Enable = 2.4V CoML 
MIL 
Receiver [Input LOW Threshold Bus Enable = 2.4V | 
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Am2907 
ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2907XC (COM'’L) Ta =0°C t0+70°C Vcc MIN. = 4.75V Vee MAX. = 5.25V 

Am2907XM (MIL) Ta =—55°C to +125°C = Vec MIN. = 4.50V Vec MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description Test Conditions (Note 1) Min. Typ. (Note 2) Max. Units 


Output HIGH Voltage Vin=VirorVin | COM'L:IoH=-26mA | 24 [| 34 | 
Parity Vec= MIN. igH=-68uA MLC TTC 
0.27 
Guisuetow values eee nih eee ee ee ee 
(Except Bus) Vin = Vit or Ving 
loL = 12mA 0.37 


Input HIGH Level Guaranteed input logical HIGH eis 
(Except Bus) for all inputs 











Vv 





V Input Clamp Voltage See eens 
(Except Bus) cc UN 





Vv Input LOW Level Guaranteed input logical LOW MIL Pe te a 
IL (Except Bus) for all inputs COM'L SS aes 
Lo 
: ae 


(Except Bus) 
(Except Bus) 


Input HIGH Current Sse anaes 
(Except Bus) cc + VIN = 8. 


\ Output Short Circuit 
Current (Except Bus) 


sc 
7 Vo =2.4V 
(Receiver Outputs) Vo=0.4V 


Am2907XM Am2907XC 


Typ. . Typ. 
Min. (Note2) Max, Min. (Note2) Max. 


36 
36 
23 
23 


















Test Conditions Units 









c 
= 
ND 
= 


_ |; 
2/3 /a)5 = a )4 WwW | w& 


N 
= 


C,_ (BUS) = 50pF 
R_ (BUS) = 502 











wo 
Lh 





Bus to Receiver Output 
(Latch Enabled) 








NTN 


N 
Ww 
oO 


A Data to Odd Parity Out 
(Driver Enabled) 







Ww 
o 





No 


Bus to Odd Parity Out 
(Driver Inhibit) 








N 





nN 
Ww 
for) 


Latch Enable (RLE) to Odd 
Parity Output 


nN 
Ww 
fo?) 





NIN TN 
a;ya 


5 


nN 
on 





Notes: 1, For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


DRIVEN INPUT DRIVING OUTPUT 


Note: Actual current flow direction shown, 


TYPICAL PERFORMANCE CURVES 


Bus Output Low Voltage Receiver Threshold Variation 
Versus Ambient Temperature Versus Ambient Temperature 
1.0 2.5 
cc = +5.0V 2.4 
2.3 


2.2 


0.8 


0.6 








0.4 














0.2 r | 


0 
-55 -35 -15 5 25 45 65 85 105 125 


Ty — AMBIENT TEMPERATURE — °C 















































wn 
KB 
~ 
oO 
> 
| 
tu 
Oo 
< 
BE 
a 
o 
> 
— 
2 
a 
E 
2 
° 
n 
2 
a 
| 
~ 
oO 
> 


5 
-55 -35-15 5 25 45 65 85 105 125 
Ty ~ AMBIENT TEMPERATURE — °C 


Vy — RECEIVER THRESHOLD VOLTAGE — VOLTS 


MPR-087 


SWITCHING WAVEFORMS 


ORIVER 
CLOCK 


fe 
trLu—e| me 


A INPUT 


BUS 
OUTPUT 


RECEIVER 
OUTPUT 


Vou 


Note: Bus to Receiver output delay is measured by clocking data into the driver register 
and measuring the BUS to R combinatorial delay. 
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TRUTH TABLE 


INTERN 
TO DEVI 


OUTPUT 


2 
‘ 
: 
Ei] 


z 


FUNCTION 


Driver output disable 
Receiver output disable 


Driver output disable and 
receive data via Bus input 


Latch received data 


xX 


Load driver register 


No driver clock restrictions 


i=0,1,2,3 


xX 


pe x exe =D 


pei fale 


H = HIGH 
L= LOW 


Z = HIGH Impedance 
NC = No change 


X = Don't care 
t = LOW to HIGH transition 


PARITY OUTPUT FUNCTION TABLE 


| BE | ODD PARITY OUTPUT 
L 


ODD = Ag ® Aj &® A22 AZ 
ODD = Qo ® QQ} © Q2 8 03 


DEFINITION OF FUNCTIONAL TERMS 


DRCP Driver Clock Pulse. Clock pulse for the driver register. 


BE Bus Enable. When the Bus Enable is LOW, the four 
drivers are in the high impedance state. 


BUSg, BUS;, BUS2, BUS3 The four driver outputs and 
receiver inputs (data is inverted). 


Ro. R1, R2, R3 The four receiver outputs. Data from the 
bus is inverted while data from the A or B inputs is non- 
_ inverted. 


RLE Receiver Latch Enable. When RLE is LOW, data on the 
BUS inputs is passed through the receiver latches. When RLE 
is HIGH, the receiver latches are closed and will retain the 
data independent of all other inputs. 


ODD Odd parity output. Generates parity with the driver 
enabled, checks parity with the driver in the high-impedance 
state. 


OE Output Enable. When the OE input is HIGH, the four 
three-state receiver outputs are in the high-impedance state. 
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ORDERING INFORMATION 


Order the part number according to the table below to obtain the de- 
sired package, temperature range, and screening level. 


Package 


Type 
(Note 1) 


P-20 
0-20 
D-20 
D-20 
D-20 
F-20 
F-20 
Dice 
Dice 


Temperature 
Range 
(Note 2) 


Screening 
Level 
(Note 3) 


C-1 

C-1 

B-1 

C-3 

B-3 

C-3 

B-3 
Visual inspection 
to MIL-STD-883 
Method 2010B. 


Order 
Number 


AM2907PC 
AM2907DC 
AM2907DC-B 
AM2907DM 
AM2907DM-B 
AM2907FM 
AM2907FM-B 


AM2907XC 
AM2907XM 


=O 22252000 


| 


1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number follow- 
ing letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the var- 
iations of the package may be used unless otherwise specified. 

. C = 0°C to +70°C, M = —55°C to + 125°C. 

. See Appendix A for details of screening. Levels C-1 and C-3 con- 
form to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD- 
883, Class B. 


Notes: 


.$ LOAD TEST CIRCUIT 


CL 


15pF 
(NOTE 1) il 


DIE SIZE 0.088” X 0.103” 





Am2907 


APPLICATIONS 


A 


Am2907 
ADDRESS REGISTER 


BUS 


Am2918 
STATUS REGISTER 


A 


Am2907 
DATA 
REGISTER 
R 


MAIN 
MEMORY 


FLAGS Y 


A 
Am2909 
BUS Am2907 MICROPROGRAM I Am2901 
SEQUENCER BIPOLAR 
R MICROPROCESSOR 


D 


ROM/PROM 
MICROCODE 


Am2918 
MICROWORD 
REGISTER 


The Am2907 can be used as an I/O Bus Transceiver and Main Memory I/O Transceiver 
in high-speed Microprocessor Systems. 


Amg080 1/0 DEVICES MEMORY 
Do A 
Am8228 Faas | Am2907 Am2907 Am26S10 Am2907 Am2907 anaes | 


ADDRESS 


era | eer 


Using the Am2907 and Am26S10 in a terminated Bus system for the Am9080 MOS Microprocessor. 
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Am2909 -Am2911 


Microprogram Sequencers 


DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION 


4-bit slice cascadable to any number of microwords The Am2909 is a four-bit wide address controller intended 
Internal address register for sequencing through a series of microinstructions con- 
Branch input for N-way branches tained in a ROM or PROM. Two Am2909’s may be inter- 
Cascadable 4-bit microprogram counter connected to generate an eight-bit address (256 words), 
4 x 4 file with stack pointer and push pop control for and three may be used to generate a twelve-bit address 


nesting microsubroutines. (4K words). 

Zero input for returning to the zero microcode word The Am2909 can select an address from any of four 
Individual OR input for each bit for branching to higher | Sources. They are: 1) a set of external direct inputs (D); 
microinstructions (Am2909 only). 2) external data from the R inputs, stored in an internal 
Three-state outputs register; 3) a four-word deep push/pop stack; or 4) a pro- 
All internal registers change state on the LOW-to-HIGH gram counter register (which usually Fontalns me last 
a address plus one). The push/pop stack includes certain 
transition of the clock control fines so that it can efficiently execute nested sub- 
Am2909 in 28-pin package routine linkages. Each of the four outputs can be OR’ed 
@ Am2911 in 20-pin package with an external input for conditional skip or branch 
instructions, and a separate line forces the outputs to all 

zeroes. The outputs are three-state. 


The Am2911 is an identical circuit to the Am2909, except 
the four OR inputs are removed and the D and R inputs 
are tied together. The Am2911 is in a 20-pin, 0.3” centers 
package. 


TABLE OF CONTENTS . MICROPROGRAM SEQUENCER 
BLOCK DIAGRAM 


Block Diagram Ta (amzg09 ONLY _ | 
Order Codes [—S 


CNRecE 

. . NABLE 

Connection Diagrams = ADDRESS REG/ STACK 
. HOLDING REG POINTER 

Screening 


PUSH/POP FILE ENABLE 


DC Characteristics | DANO R 


D 
AC Characteristics bf oN Anza 
Using the Am2909 and Amz2901 | ii Reese 
. | 


4 
Function Tables 
pirect | o<| 


Subroutining INPUTS 
D 


[Am2s09 ONLY ] 
(9) 


R3 


OUTPUT 
CONTROL 
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ARCHITECTURE OF THE Am2909/Am2911 


The Am2909/Am2911 are bipolar microprogram sequencers 
intended for use in high-speed microprocessor applications. 
The device is a cascadable 4-bit slice such that two devices 
allow addressing of up to 256-words of microprogram and 
three devices allow addressing of up to 4K words of micro- 
program. A detailed logic diagram is shown in Figure 2. 


The device contains a four-input multiplexer that is used to 
select either the address register, direct inputs, microprogram 
counter, or file as the source of the next microinstruction ad- 
dress. This multiplexer is controlled by the Sg and S, inputs. 


The address register consists of four D-type, edge triggered 
flip-flops with a common clock enable. When the address 
register enable is LOW, new data is entered into the register 
on the clock LOW-to-HIGH transition. The address register 
is available at the multiplexer as a source for the next micro- 
instruction address. The direct input is a four-bit field of 
inputs to the multiplexer and can be selected as the next 
microinstruction address. On the Am2911, the direct inputs 
are also used as inputs to the register. This allows an N-way 
branch where N is any word in the microcode. 


The Am2909/Am2911 contains a microprogram counter 
(uPC) that is composed of a 4-bit incrementer followed by a 
4-bit register. The incrementer has carry-in (Cy) and carry-out 
(Cy+4) such that cascading to larger word lengths is straight- 
forward. The PC can be used in either of two ways. When the 
least significant carry-in to the incrementer is HIGH, the 
microprogram register is loaded on the next clock cycle with 
the current Y output word plus one (Y+1>puPC.) Thus sequen- 
tial microinstructions can be executed. If this least significant 
Cry is LOW, the incrementer passes the Y output word unmod- 
ified and the microprogram register is loaded with the same 
Y word on the next clock cycle (Y>uPC). Thus, the same 
microinstruction can be executed any number of times by 
using the least significant Cy as the control. 


The fast source available at the multiplexer input is the 4 x 4 
file (stack). The file is used to provide return address linkage 


Am2909 * Am2911 


when executing microsubroutines. The file contains a built-in 
stack pointer (SP) which always points to the last file word 
written. This allows stack reference operations (looping) to be 
performed without a push or pop. 


The stack pointer operates as an up/down counter with 
separate push/pop and file enable inputs. When the file enable 
input is LOW and the push/pop input is HIGH, the PUSH 
operation is enabled. This causes the stack pointer to 
increment and the file to be written with the required return 
linkage — the next microinstruction address following the sub- 
routine jump which initiated the PUSH. 


If the file enable input is LOW and the push/pop control! is 
LOW, a POP operation occurs. This implies the usage of the 
return linkage during this cycle and thus a return from sub- 
routine. The next LOW-to-HIGH clock transition causes the 
stack pointer to decrement. If the file enable is HIGH, 
no action is taken by the stack pointer regardless of any 
other input. 


The stack pointer linkage is such that any combination of 
pushes, pops or stack references can be achieved. One micro- 
instruction subroutines can be performed. Since the stack is 
4 words deep, up to four microsubroutines can be nested. 


The ZERO input is used to force the four outputs to the 
binary zero state. When the ZERO input is LOW, all Y 
outputs are LOW regardless of any other inputs (except OE). 
Each Y output bit also has a separate OR input such that a 
conditional logic one can be forced at each Y output. This 
allows jumping to different microinstructions on program- 
med conditions. 


The Am2909/Am2911 feature three-state Y outputs. These 
can be particularly useful in military designs requiring external 
Ground Support Equipment (GSE) to provide automatic 
checkout of the microprocessor. The internal control can 
be placed in the high-impedance state, and preprogrammed 
sequences of microinstructions can be executed via external 
access to the control] ROM/PROM. 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Package Temperature Screening 
Order Type Range Level 


Number (Note 1) (Note 2) (Note 3) 


AM2911PC P-20 C-1 
AM2911DC D-20 C-1 
AM2911DC-B D-20 B-1 
AM2911DM D-20 C-3 
AM2911DM-B D-20 B-3 


Visual inspection 
to MIL-STD-883 
Method 2010B. 


AM2911XC Dice 
AM2911XM Dice 


Package Temperature Screening 
Order Type Range Level 


Number (Note 1) (Note 2) (Note 3) 


AM2309PC P-28 Cc C-1 
AM2g09DC D-28 Cc C-1 
AM2909DC-B D-28 B-1 
AM2909DM D-28 C-3 
AM2909DM-B D-28 B-3 
AM2909FM F-28 C-3 
AM2909FM-B F-28 B-3 


é : ti 
AM2909XC Dice Visual inspection 


SO £5550 


i to MIL-STD-883 
AM2909XM Dice Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed 
outline. Where Appendix B contains severa! dash numbers, any of the variations of the package may be used unless otherwise 
specified. 

2, C = O°C to +70°C, M = —55°C to +125°C. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL- 
STD-883, Class B. 
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92-é 


PUSH/POP 


FILE 


L = ENABLE ENABLE 


REGISTER 


ete [Oe Hearse i 
ili 


CLOCK > 


Oy et 


£ INCREMENTER 3 


Note: Rj; and Dj connected together on Am2911 and OR; removed. 


3 1 Q;  Q 


MICROPROGRAM 
COUNTER REGISTER 


Figure 2, Microprogram Sequencer Block Diagram. 


f+] 


Po 


| ¢ uP i coun coinren 
READMWRITE 
Locic 


4x 4 MATRIX 


OF MEMORY CELLS 
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DEFINITION OF TERMS 


A set of symbols is used in this data sheet to represent 
various internal and external registers and signals used with 
the Am2909. Since its principle application is as a controller 
for a microprogram store, it is necessary to define some signals 
associated with the microcode itself. Figure 3 illustrates the 
basic interconnection of Am2909, memory, and microinstruc- 
tion register. The definitions here apply to this architecture. 


Inputs to Am2909/ Am2911 
$1, So 

FE, PUP 
R 


Control lines for address source selection 
Control lines for push/pop stack 

E Enable line for internal address register 

Rj Logic OR inputs on each address output line 





oO 


ZERO Logic AND input on the output lines 

OE Output Enable. When OE is HIGH, the Y out- 
puts are OFF (high impedance) 

Cy Carry-in to the incrementer 

Rj Inputs to the internal address register 

Dj Direct inputs to the multiplexer 

cP Clock input to the AR and pPC register and 


Push-Pop stack 


Outputs from the Am2909/ Am2911 


Yj Address outputs from Am2909. (Address inputs 
to control memory.) 


R 
19) 


Am2909 


So, Sy. FE, PUP, RE 
y 


A 


COMBINATIONAL 
CONTROL LOGIC 


CONTROL MEMORY 
(ROM, PROM or RAM) 


(A) 


SEQUENCE | 
CONTROL | 


LOGIC 
CONTROL 
FIELDS 


MICROWORD 
REGISTER 


FIELD (uWR) 


TO Am2901 


TO OTHER 
DEVICES 


Figure 3. Microprogram Sequencer Control. 





Cnt4 


Am2909 - Am2911 


Carry out from the incrementer 


Internal Signals 


puPC 
REG 


STKO-STK3 


SP 


Contents of the microprogram counter 
Contents of the register 

Contents of the push/pop stack. By definition, 
the word in the four-by-four file, addressed by 
the stack pointer is STKO. Conceptually data 
is pushed into the stack at STKO; a subsequent 
push moves STKO to STK1; a pop implies 
STK3 > STK2 ~ STK1 > STKO. Physically, 
only the stack pointer changes when a push or 
pop is performed. The data does not move. I/O 
occurs at STKO. 

Contents of the stack pointer 


External to the Am2909/Am2911 


A 
(A) 
UWR 


Th 
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Address to the control memory 

Instruction in control memory at address A 
Contents of the microword register (at output 
of control memory). The microword register 
contains the instruction currently being exe- 
cuted. 

Time period (cycle) n 


CONNECTION DIAGRAMS 
Top Views 


Veco CP PUP FE Cyy4 Cy 


Am2909 


GND 


MPR-096 


Am2911 


Note: Pin 1 is marked for orientation. 
MPR-097 





Figure 4. 
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OPERATION OF THE Am2909/Am2911 for the contro! of the push/pop stack. Figure 6 shows in detail 

the effect of So, Sj, FE and PUP on the Am2909. These four 
Figure 5 lists the select codes for the multiplexer. The two signals define what address appears on the Y outputs and what 
bits applied from the microword register (and additional com- the state of all the internal registers will be following the clock 
binational logic for branching) determine which data source LOW-to-HIGH edge. In this illustration, the microprogram 
contains the address for the next microinstruction. The counter is assumed to contain initially some word J, the ad- 
contents of the selected source will appear on the Y outputs. dress register some word K, and the four words in the push/ 


Figure 5 also shows the truth table for the output control and pop stack contain Rg through Rg. 


Address Selection Output Control 


Microprogram Counter 
Register 

Push-Pop stack 

Direct inputs 


2 = High Impedance 


No change 
Increment stack pointer, then 
H = High push current PC onto STKO 


L = Low Pop stack (decrement stack pointer) 
X = Don’t Care 





Figure 5. 


CYCLE | S1, Spo, FE, PUP | upc | nec | STKO | STK1} STK2 | STK3 COMMENT Ne 
N 0 o 00 J . Ra Rb Rd J Pop Stack End 
N+1 J+ Rb | Rc Ra Sears Loop 

i i Ne Set-up 
K | Pop Stack; End 
— Use AR for Address Loop 
K Push pPC; R 
Jump to Address in AR ySROOR 
Jump to Address in AR JMP AR 
Jump to Address in STKQ; 
Pop Stack 
Jump to Address in STKO; 
Push uPC 


















: Stack Ref 
Jump to Address in STKO ~“Ikoop! 
Pop Stack; End 
Jump to Address on D Loop 
Jump to Address on D; 
Push uPC JSR D 
Jump to Address on D JMP D 
X = Don’t care, 0 = LOW, 1 = HIGH, Assume Cy, = HIGH 
Note: STKO is the location addressed by the stack pointer. 


Figure 6. Output and Internal Next-Cycle Register States for Am2909/Am2911. 
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Figure 7 illustrates the execution of a subroutine using the 
Am2909. The configuration of Figure 3 is assumed. The 
instruction being executed at any given time is the one con- 
tained in the microword register (uWR). The contents of the 
pLWR also controls (indirectly, perhaps) the four signals Sg, $1, 
FE, and PUP. The starting address of the subroutine is applied 
to the D inputs of the Am2909 at the appropriate time. 


In the columns on the left is the sequence of microinstructions 
to be executed. At address J+2, the sequence control portion 
of the microinstruction contains the comand “Jump to sub- 


CONTROL MEMORY 


Cycle Sequencer 
Address Instruction 


Execute Cycle 


Signals 


Am2909 
Inputs 
(from 
uWR) 


Internal 
Registers 


CONTROL MEMORY 


Microprogram 

Execute 

Cycle Sequencer 
Address Instruction 






Clock 
Signals 





Am2809 
Inputs 
(from 
HWR) 


Internal 
Registers 


Am2909 
Output 


ROM 
Output 


Contents 
of uxWR 
(instruction 
being 
executed) 
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routine at A’’. At the time Ty, this instruction is in the yWR, 
and the Am2909 inputs are set-up to execute the jump and 
save the return address. The subroutine address A is applied to 
the D inputs from the zWR and appears on the Y outputs. The 
first instruction of the subroutine, I(A), is accessed and is at 
the inputs of the yWR. On the next clock transition, I(A) is 
loaded into the wWR for execution, and the return address 
J+3 is pushed onto the stack. The return instruction is exe- 
cuted at Ts. Figure 8 is a similar timing chart showing one 
subroutine linking to a second, the latter consisting of only 
one microinstruction, 








Figure 8. Two Nested Subroutines. Routine B is Only One Instruction. Ch = HIGH 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential —0.5 V to +7.0 V 
DC Voltage Applied to Outputs for HIGH Output State —0.5 V to +Vcc max. 
DC Input Voltage —0.5 V to+7.0V 
DC Output Current, Into Outputs 30 mA 
DC Input Current —30 mA to +5.0 mA 


OPERATING RANGE 
P/N Ambient Temperature 


Vcc 
Am2909/2911DC, PC 0°C to +70°C 4.75V to 5.25V 
Am2909/2911DM, FM —55°C to +125°C 4.50V to 5.50V 


STANDARD SCREENING 
(Conforms to MIL-STD-883 for Class C Parts) 


MIL-STD-883 
Method Am2909/Am2911PC, DC | Am2909/Am2911DM, FM 
100% 


Pre-Seal Visual Inspection 


Stabilization Bake 100% 
na oO + oO 
Centri 











10 cycles 


310,000 6 100% * 
A_5x 10-8 atm-cc/sec 100% * 


Gross Leak C2 Fiuorocarbon 100% * 


Electrical Test See below for 100% 
Subgroups 1 and 7 definitions of subgroups 




















Insert Additional Screening here for Class B Parts 





Group A Sample Tests 
Subgroup 1 
Subgroup 2 
Subgroup 3 
Subgroup 7 
Subgroup 8 
Subgroup 9 


See below for 
definitions of subgroups 





*Not applicable for 


Am2909PC or ADDITIONAL SCREENING FOR CLASS B PARTS 
MIL-STD-883 Level 
Method 


125°C P 


Electrical Test 
Subgroup 1 
Subgroup 2 
Subgroup 3 
Subgroup 7 
Subgroup 9 


Return to Group A Tests in Standard Screening 


GROUP A SUBGROUPS 
(as defined in MIL-STD-883, method 5005) 


pc 25°C 

DC Maximum rated temperature 

Dc Minimum rated temperature 

Function 25°C 

Function Maximum and minimum rated 
temperature 

Switching 25°C 

Switching Maximum Rated Temeperature 

Switching Minimum Rated Temperature 
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ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 


; Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


; Vec = MIN., loH =—1.0mA 
OH Output HIGH Voltage Vin = Vin or Vib. CoML | lon =—2.6mA 
lop =4.0mA 
VOL Output LOW Voltage = te 


Vin = VyH or Vit lo =12mMA 
(Note 5) 
Vin Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 
Guaranteed input logical LOW 
Input LOW Level 5 
voltage for all inputs COM’L 


Input Clamp Voltage Vec = MIN., tin = -18MA 
Ch 


input LOW Current Push/Pop, OE 
Others (Note 6) 


Input HIGH Current Push/Pop 














| 
° 
NI 
nN 


mA 





Input HIGH Current voce 
Output Short Circuit Current Voc = MAX. ~30 
(Note 3) —30 


'oZL Voc = MAX., Vout = 0.4V 
lost Output OFF Current OE =2.7V VouT=27V 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrica! Characteristics for the applicable device type. 
- Typical limits are at Voc = 5.0V, 25 C ambient and maximum loading. 
. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second, 


- Apply GND to Cpr, Ro, Ry, Ro, Rg, ORg, OR;, OR, OR3, Dg, D7, Dg, and Dg. Other inputs open. All outputs open. Measured after a 
LOW-to-HIGH clock transition. 


. The 12mA guarantee applies only to Yo, Y7, Yo and Y3. 
. For the Am2911, Dj and Rj are internally connected. Loading is doubled (to same values as Push/Pop). 


VIL 

v| 
iL 
cc 





BRWN 


ou 


towH 
(TABLE 1) 


towt 
(TABLE 1) 


XXX V YY 


¢ 


ANYTIME HERE 
<_< ov 
ts th 
(TABLE if!) (TABLE #1) 
x 
0.0,0,0.9 
0.9.9.9, 


14 nD 
YX) AY, 


ALL INPUTS 


(EXCEPT OE) ) 
KX LN 


INPUTS TO Y oF Cy 4.4 
CLOCK TO Y; or Cy 4g (TABLE II) 
(TABLE 11) 


LA AS\/AAA\)AA\\\A/ 
OY 


XXX 
RXX KKK) 


Figure 12. Switching Waveforms. See Tables for Specific Values. 
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SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 


Tables I, Il, and Ill below define the timing characteristics of 
the Am2909 and Am2911 over the operating voltage and 
temperature range. The tables are divided into three types of 
parameters; clock characteristics, combinational delays 
from inputs to outputs, and set-up and hold time require- 
ments. The latter table defines the time prior to the end of 
the cycle (i.e., clock LOW-to-HIGH transition) that each 
input must be stable to guarantee that the correct data is 
written into one of the internal registers. 


Measurements are made at 1.5V with V;, = OV and Viyq = 
3.0V. For three-state disable tests, C, = 5.0pF and measure- 
ment is to 0.5V change on output voltage level. 


TABLE | 
CYCLE TIME AND CLOCK CHARACTERISTICS 


TIME COMMERCIAL | MILITARY 
nimi Cock HIGH Tine | aoa 










Operating Range Part Numbers 
Connarcial Am2909PC, DC 
PPENSTCle Am2911PC, DC 

Ma Am2309DM, FM cae aa 









5.0V + 5% Ta = 0°C to +70°C 


TABLE Il 


MAXIMUM COMBINATIONAL PROPAGATION DELAYS 
{ail in ns, CL = 50pF (except output disable tests)) 


COMMERCIAL || MILITARY 








OE LOW (enable) 
OE HIGH (disable) 


NI} OO i?) 
al? |2|* 
fe) ae 


Clock + $180 =LL 
Clock t $1So = HL 


Temperature Range 


Power Supply 





TABLE Ill 


GUARANTEED SET-UP AND HOLD TIMES (all in ns) (Note 1) 
COMMERCIAL 





MILITARY 





Set-Up Time Hold Time Set-Up Time Hold Time 
A ee | 





Notes: 1. All times relative to clock LOW-to-HIGH transition. 
2. On Am2911, Rj and Dj; are internally connected together and labeled Dj. Use Rj set-up and hold times when D inputs are used to load register. 








Metallization and Pad Layout 


Am2909 


22 21 20 19 18 















































_ DIE SIZE 0.110” X 0.160” 
Numbers correspond to DIP pin-out 
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USING THE Am2909 AND Am2911 


The Am2909 and Am2911 are four-bit slice sequencers which 
are cascaded to form a microprogram memory address 
generator. Both products make available to the user several 
lines which are used to directly control the internal holding 
register, multiplexer and stack. By appropriate control of 
these lines, the user can implement any desired set of se- 
quence control functions; by cascading parts he can gener- 
ate any desired address length. These two qualities set the 
Am2909 and Am2911 apart from the Am2910, which is ar- 
chitecturally similar, but is fixed at 12 bits in length and has a 
fixed set of 16 sequence control instructions. The Am2909 or 
Am2911 should be selected instead of the Am2910 under the 
following conditions: 


e Address less than 8 bits and not likely to be expanded 
e@ Address longer than 12 bits 


OTHER BRANCH 
ADDRESS SOURCE 


NEXT ADDRESS 
CONTROL LOGIC 


INTERRUPT 
VARIOUS 


TEST 
CONDITIONS 


TEST 


CONDITION CODE 
MULTIPLEXER 
OUTPUT 


SYSTEM STATE 


"= Nw 2&2 Wa Ss @ 


Am2909 ¢ Am2911 


@ More complex instruction set needed than is available on 
Am2910 


Architecture of the Control Unit 


The recommended architecture using the Am2909 or 
Am2911 is shown in Figure 1. Note that the path from the 
pipeline register output through the next address logic, mul- 
tiplexer, and microprogram memory is all combinational. 
The pipeline register contains the current microinstruction 
being executed. A portion of that microinstruction consists 
of a sequence control command such as “continue”, “loop”, 
“return-from-subroutine”’, etc. The bits representing this 
sequence command are logically combined with bits repre- 
senting such things as test conditions and system state to 
generate the required control signals to the Am2909 or 
Am2911, The block labeled “‘next address logic’ may consist 
of simple gates, a PROM or a PLA, but it should be all combi- 
national. 


Am2909 OR Am2911 MICROPROGRAM SEQUENCERS 


FE, PUP 
STACK POINTER 
REGISTER 
SUBROUTINE 
AND LOOP STACK 


MICROPROGRAM 
COUNTER REGISTER 


INCREMENTER 
ADDRESS 


MICROPROGRAM MEMORY 


BRANCH NEXT ADDRESS 
ADDRESS SELECT 


12 BITS TYP 5 BITS TYP 40 BITS TYP 
PIPELINE REGISTER 


TO Am23901, ETC. 


SO NEXT ADDRESS 


$4 MULTIPLEXER 


MPR-099 





Figure 1. Recommended Computer Control Unit Architecture Using the Am2911 or Am2909. 
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Am2909 « Am2911 


The Am29811A is a combinational circuit which implements 
16 sequence control instructions; it may be used with either 
an Am2909 or an Am2911. The set of instructions is nearly 
identical to that implemented internally in the Am2910. 


Figure 2 shows the CCU of Figure 1 with the Am29811A in 
place. TheAm29811A, in addition to controlling the Am2911, 


also controls a loop counter and several branch address 
sources. The instructions which are implemented by the 
Am29811A are shown in Figure 3, along with the Am29811A 
outputs for each instruction. Generating any instruction set 
consists simply of writing a truth table and designing combi- 
national logic to implement it. For more detailed information 
refer to “The Microprogramming Handbook”. 


DATA 8US 


INSTRUCTION REGISTER 
OP CODE OTHER 


D; ADDRESS 


STARTING ~~ 
ADoRESS OE 
DECODER 

(MAPPING PROM) 


OUTPUT 


Tc COUNTER 


LOAD/COUNT 


Am29811A 
NEXT 
ADDRESS 
CONTROL 
POLARITY 
CONTROL TEST 


- Nw eT Ds & 
CONDITION CODE 
MULTIPLEXER 

OUTPUT 


ptt 


Am2911 MICROPROGRAM SEQUENCERS 


STACK POINTER | 


REGISTER 


SUBROUTINE 
AND LOOP STACK 


MICROPROGRAM 
COUNTER REGISTER 


INCREMENTER 


ADDRESS 
MICROPROGRAM MEMORY 
BRANCH NEXT ADDRESS 
ADDRESS SELECT OLUER 


OE PIPELINE REGISTER 


0 R F PC 


So‘ NEXT ADDRESS. 
$1 MULTIPLEXER 


OUTPUT 


TO Am2901 


MPR-100 





Figure 2. A typical Computer Contro! Unit Using the Am2911 and Am29811A. 
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Am2909 « Am2911 


Am29811A FUNCTION TABLE 
psec PSRITON] — nan | ET | MELAS me] core we] 


INSTRUCTION Test | NEXT ADDR 
13 12 11 lo FOneron input | source | FILE | COUNTER 


he a LtLdH COND JSB PL 


To _| wore [ee _| 
PC HOLD HOLD 
[pore [Horo] 
PC HOLD HOLD 
PC PUSH LOAD 
HOLD 
HOLD HOLD 
HOLD HOLD 

DEC 
HOLD DEC 
HOLD 
HOLD 
POP HOLD 
POP HOLD 
HOLD LOAD 
HOLD HOLD 
POP HOLD 


JMAP LeLHLE JUMP MAP 
tL HH 


ees eee eg 


LOCT LOAD CNTR & CONTINUE 


HLL 
LOOP H H LH TEST END LOOP 


L = LOW DEC = Decrement 
H = HIGH *LL = Special Case 
X = Don't Care 


JZ 
CJS 
CJP 
CJV 
RP 


H 
H 
H 


Fel eal veel eal "i 


PC 
ie] 
F 
PC 
D 
PC 





PC 
F 
PC 
D 
PC 
F 
PC 
PC 


uv 
m 


Am29811A TRUTH TABLE 


INPUTS OUTPUTS - 
MNEMONIC FUNCTION pat 
SOURCE 
tg 12 4 $1 So 


JZ JUMP ZERO a en © 
Lo eoL 
Le 
JMAP JUMP MAP L LoH 
tL L oH 
CyP COND JUMP PL tL kL oH 
Bea ee ee: 
PUSH PUSH/COND LD CNTR L oH OL 
Le ole tne mn 
HL 
HOL 
JV H 
H 
RP H 
H 


D 


TTF 








: inal cus 





L 


XZryr er fer rez T{L Tir Tirtst 


Cryst Lit Vit Lit LI]TrT T/T Girt Tir st 


LoL 
L oH 
HOL 
HH 
LoL 
L oH 
HL 
H oH 
Lok 
LH 
HOLL 
HH 
Cc. COND JUMP VECTOR Lo oH LOL 

tL oH LH 

: 
H LH 

HOL 

HH 

tok 

LH 

HL 

HH 

tok 

LH 

HoOL 

HoH 

Lok 

LH 

HoOL 

HH 


= 


rc 
Zxryt Tjyt Lill Tir ITir = 


XZryTryT ryt TIT TIT ITirI IT 


L 

L 

RPCT REPEAT PL, CTR #0 HL 
cae ee eae 

CRTN COND RTN HOLL 
Bae Gee eee 


rc rtjer x ita 
[eee | Se 


rele ele ele cle ie cle ele rl[e er f[z rile erj[rerjz rlzerjrsr 


E 
ue 


FP pyer rjyp eryr rier L[r LIJIT er ypT er yrT rye erljreryr rI]rrljzt Tt 


L 
L 
LDCT LD CNTR & CONTINUE 
ee 
LOOP TEST END LOOP H oH 
HoH 
CONT CONTINUE HH 
i eee eee ener 
JP JUMP PL H oH 
ie Gat ee 


xmxrmerer 
merit rjrt rt 


L 
L 
L 
L 
H 
H 
H H 
H L 
H L 
L 
L 
H 
H 
H 
H 





Figure 3. 
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Am2909 * Am2911 


Expansion of the Am2909 or Am2911 


Figure 4 shows the interconnection of three Am2911’s to 
form a 12-bit sequencer. Note that the only interconnection 
between packages, other than the common clock and control 
lines, is the ripple carry between uPC incrementors. This 
carry path is not in the critical speed path if the Am2911 Y 
outputs drive the microprogram memory, because the ripple 
carry occurs in parallel with the memory access time. If, on 
the other hand, a micro-address register is placed at the 
Am2911 output, then the carry may lie in the critical speed 
path, since the last carry-in must be stable for a set-up time 
prior to the clock. 


Selecting Between the Am23909 and Am2911 


The difference between the Am2909 and the Am2911 in- 
volves two signals: the data inputs to the holding register 


and the “OR” inputs. In the Am2909, separate four-bit fields 
are provided for the holding register and the direct branch 
inputs to the multiplexer. In the Am2911, these fields are 
internally tied together. This may affect the design of the 
branch address system, as shown in Figure 5. Using the 
Am2909, the register inputs may be connected directly to the 
microprogram memory; the internal register replaces part of 
the pipeline register. The direct (D) inputs may be tied to the 
mapping logic which translates instruction op codes into 
microprogram addresses. While the same technique might 
be used with the Am2911, it is more common to connect the 
Am2911’s D inputs to a branch address bus onto which 
various sources may be enabled. Shown in Figure 5 is a 
pipeline register and a mapping ROM. Other sources might 
also be applied to the same bus. The internal register is used 
only for temporary storage of some previous branch ad- 
dress. 


BRANCH 
ADDRESS 


IN 


K WORD 
MICROPROGRAM 


MEMORY 


MICROINSTRUCTION 





MPR-101 


Figure 4. Twelve Bit Sequencer. 


INSTRUCTION REG. 


Am2909 


Y 
MICROPROGRAM 
MEMORY 
PIPELINE REG. 


MPR-102 





INSTRUCTION REG. 


Am2911 


Y 
MICROPROGRAM 
BRANCH MEMORY 


ADDRESS 
FIELD 


OE | PIPELINE REG. 


PIPELINE REG. 


MPR-103 


Figure 5. Branch Address Structures. 
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The second difference between the Am2909 and Am2911 is 
that the Am2909 has OR inputs available on each address 
output line. These pins can be used to generate multi-way 
single-cycle branches by simply tying several test conditions 
into the OR tines. See Figure 6. Typically, a branch is taken to 
an address with zeroes in the least significant bits. These bits 
are replaced with 1’s or 0’s by test conditions applied to the 
OR lines. In Figure 6, the states of the two test conditions X 
and Y result in a branch to 1100, 1101, 1110, or 1111. 





Figure 6. Use of OR Inputs to 
Obtain 4 - Way Branch. 


The Am29803A has been designed to selectively apply any 
or all of four different test conditions to an Am2909. Figure 7 
shows the truth table for this device. A nice trade off between 
flexibility and board space is achieved by using a single 
28-pin Am2909 for the least significant four bits of a sequen- 
cer, and using the space-saving 20-pin Am2911’s for the 
remainder of the bits. A detailed logic design for such a 
system is contained in The Microprogramming Handbook. 


How to Perform Some Common Functions with 
the Am2909 or Am2911 


1. CONTINUE 


| pc | Horn | 1 | oo lo 1 Xx 


PC 


Contents of PC placed on Y outputs; PC incremented. 


Am2909 « Am2911 


2. BRANCH 


MUX/Yoyr | STACK c S; So FE PUP 
| Ds HOLD 111 xX 


Feed data on D inputs straight through to memory ad- 
dress lines. Increment address and place in PC. 


3. JUMP-TO-SUBROUTINE 


MUXNYoyr | STACK | C, 


PUSH 


|e 


S; So FE PUP 


Sub-routine address fed from D inputs to memory address. 
Current PC is pushed onto stack, where it is saved for the 
return. 


4. RETURN-FROM-SUBROUTINE 


MUX out STACK Cc S; So FE PUP 
STACK | POP | 1 0 0 0 


The address at the top of the stack is applied to the micropro- 
gram memory, and is incremented for PC on the next cycle. 
The stack is popped to remove the return address. 


-| 


Am29803A FUNCTION TABLE 


L 
To L T 


[ama | 


r 
i=) 


Two-Way 
Branches 


rc 
fel Oe Oe ee 
Ce eee 0 ee 


4 


pe is 0 Oe ee Oe Oe 0 


rc 
La Oo 
4 


3 


| ome el Sa 
or 
sist 
sil! 


Four-Way 


clr 
Fal 
4 
o 


Branches 











Loe oe 
e 
a 


wt 
at 


XZjpoyry cy Licey Tier} cir 
pe 2 eS ee ee 2 
c|e|e 
clr 
ola)a 


Eight-Way 
Branches 


r 
4 
ale 
4 
° 


Del ae Oe ee ee Oe OO De Oe el Oe 0 


T3 
T3 


x= 


r 

4 
xy 

4 
= 


Sixteen- 
Way 
Branch 





FOUR TO Am2909 


Am23803A OR INPUTS 


TEST 
CONDITIONS 


MPR-105 





Figure 7. 
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Am2910 


Microprogram Controller 


DISTINCTIVE CHARACTERISTICS 


Twelve Bits Wide 

Address up to 4096 words of microcode with one chip. All 
internal elements are a full 12 bits wide. 

Internal Loop Counter 

Pre-settable 12-bit down-counter for repeating instructions 
and counting loop iterations. 

Four Address Sources 

Microprogram Address may be selected from microprogram 
counter, branch address bus, 5-level push/pop stack, or in- 
ternal holding register. 

Sixteen Powerful Microinstructions 

Executes 16 sequence control instructions, most of which 
are conditional on external condition input, state of internal 
loop counter, or both. 

Output Enable Controls for Three Branch Address Sources 
Built-in decoder function to enable external devices onto 
branch address bus. Eliminates external decoder. 

All Registers Positive Edge-triggered 

Simplifies timing problems. Eliminates long set-up times. 
Fast Control from Condition Input 

Delay from condition code input to address output only 
27ns typical. 


Am2910 BLOCK DIAGRAM 


DECREMENT/HOLD/ 
LOAD 


SELECT/CLEAR 


INCREMENTER 


PUSH/POP/HOLD/CLEAR 


INSTRUCTION 


==} 12-BIT DATA PATH 


CONTROL PATH 


Figure 1. 
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GENERAL DESCRIPTION 


The Am2910 Microprogram controller is an address sequencer 
intended for controlling the sequence of execution of micro- 
instructions stored in microprogram memory. Besides the ca- 
pability of sequential access, it provides conditional branching 
to any microinstruction within its 4096-microword range. A 
last-in, first-out stack provides microsubroutine return linkage 
and Jooping capability; there are five levels of nesting of micro- 
subroutines. Microinstruction loop count control is provided 
with a count capacity of 4096. 


During each microinstruction, the Microprogram controller 
provides a 12-bit address from one of four sources: 1) the 
microprogram address register (PC), which usually contains 
an address one greater than the previous address; 2) an ex- 
ternal (direct) input (D); 3) a register/counter (R) retaining 
data loaded during a previous microinstruction; or 4) a five- 
deep last-in, first-out stack (F). 

For a detailed discussion of this architectural approach to micro- 
program control units, refer to ‘‘The Microprogramming Hand- 
book”, an AMD applications publication. 


TABLE OF CONTENTS 


Block Diagram 

Ordering Information 

Pin Connections 

Instruction Codes 

DC Characteristics 

AC Characteristics 
Microcomputer Architecture 
Instruction Explanations 
Alternative System Architecture 





ARCHITECTURE OF THE Am2910 


The Am2910 is a bipolar microprogram controller intended 
for use in high-speed microprocessor applications. It allows 
addressing of up to 4K words of microprogram. A block dia- 
gram is shown in Figure 1. 


The controller contains a four-input multiplexer that is used to 
select either the register/counter, direct input, microprogram 
counter, or stack as the source of the next microinstruction 
address. 


The register/counter consists of 12 D-type, edge-triggered flip- 
flops, with a common clock enable. When its load control, 
RLD, is LOW, new data is loaded on a positive clock transition. 
A few instructions include load; in most systems, these in- 
structions will be sufficient, simplifying the microcode. The 
output of the register/counter is available to the multiplexer as 
a source for the next microinstruction address. The direct input 
furnishes a source of data for loading the register/counter. 


The Am2910 contains a microprogram counter (uPC) that is 
composed of a 12-bit incrementer followed by a 12-bit register. 
The pPC can be used in either of two ways: When the carry-in 
to the incrementer is HIGH, the microprogram register is 
loaded on the next clock cycle with the current Y output 
word plus one (Y + 1 > uPC). Sequential microinstructions are 
thus executed. When the carry-in is LOW, the incrementer 
passes the Y output word unmodified so that uPC is reloaded 
with the same Y word on the next clock cycle (Y > uPC). The 
same microinstruction is thus executed any number of times. 


The third source for the multiplexer is the direct (D) input. 
This source is used for branching. 


The fourth source available at the multiplexer input is a 5-word 
by 12-bit stack (file). The stack is used to provide return 
address linkage when executing microsubroutines or loops. 
The stack contains a built-in stack pointer (SP) which always 
points to the last file word written. This allows stack reference 
operations (looping) to be performed without a pop. 


The stack pointer operates as an up/down counter. During 
microinstructions 2, 4, and 5, the PUSH operation is.per- - 
formed. This causes the stack pointer to increment and the file 
to be written with the required return linkage. On the cycle 
following the PUSH, the return data is at the new location 
pointed to by the stack pointer. 


During five microinstructions, a POP operation may occur. 
The stack pointer decrements at the next rising clock edge 
following a POP, effectively removing old information from 
the top of the stack. 


The stack pointer linkage is such that any sequence of pushes, 
pops, or stack references can be achieved. At RESET (Instruc- 
tion 0), the depth of nesting becomes zero. For each PUSH, 
the nesting depth increases by one; for each POP, the depth 
decreases by one. The depth can grow to five. After a depth of 
five is reached, FULL goes LOW. Any further PUSHes onto a 
full stack overwrite information at the top of the stack, but 
leave the stack pointer unchanged. This operation will usually 
destroy useful information and is normally avoided. A POP 
from an empty stack may place non-meaningful data on the Y 
outputs, but is otherwise safe. The stack pointer remains at 
zero whenever a POP is attempted from a stack already empty. 
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Am2910 


The register/counter is operated during three microinstructions 
(8, 9, 15) as a 12-bit down counter, with result = zero available 
as a microinstruction branch test criterion. This provides effi- 
cient iteration of microinstructions. The register/counter is 
arranged such that if it is preloaded with a number N and then 
used as a loop termination counter, the sequence will be exe- 
cuted exactly N+1 times. During instruction 15, a three-way 
branch under combined control of the loop counter and the 
condition code is available. 


The device provides three-state Y outputs. These can be par- 
ticularly useful in designs requiring automatic checkout of the 
processor. The microprogram controller outputs can be forced 
into the high-impedance state, and pre-programmed sequences 
of microinstructions can be executed via external access to the 
address lines. 


OPERATION 


Table | shows: the result of each instruction in controlling the 
multiplexer which determines the Y outputs, and in controlling 


‘the three enable signals PL, MAP, and VECT. The effect on 


the register/counter and the stack after the next positive-going 
clock edge is also shown. The multiplexer determines which 
internal source drives the Y outputs. The value loaded into 
UPC is either identical to the Y output, or else one greater, 
as determined by Cl. For each instruction, one and only one 
of the three outputs PL, MAP, and VECT is LOW. If these 
outputs control three-state enables for the primary source of 
microprogram jumps (usually part of a pipeline register), 
a PROM which maps the instruction to a microinstruction 


‘starting location, and an optional third source (often a vector 


from a DMA or interrupt source), respectively, the three-state 
sources can drive the D inputs without further logic. 


Several inputs, as shown in Table I!, can modify instruction . 
execution. The combination CC HIGH and CCEN LOW is used 
as a test in 10 of the 16 instructions. RLD, when LOW, causes 
the D input to be loaded into the register/counter, overriding 
any HOLD or DEC operation specified in the instruction. OE, 
normally LOW, may be forced HIGH to remove the Am2910 
Y outputs from a three-state bus. 


The stack, a five-word last-in, first-out 12-bit memory, has a 
pointer which addresses the value presently on the top of the 
stack. Explicit control of the stack pointer occurs during in-— 
struction 0 (RESET), which makes the stack empty by resetting 
the SP to zero. After a RESET, and whenever else the stack is 
empty, the contents of the top of stack is undefined until a 
PUSH occurs. Any POPs performed while the stack is empty 
put undefined data on the F outputs and leave the stack 
pointer at zero. 


Any time the stack is full (five more PUSHes than POPs have 
occurred since the stack was last empty), the FULL warning 
output occurs. This signal first appears on the microcycle after 
a fifth PUSH. No additional PUSH should be attempted onto 
a full stack; if tried, information within the stack will be over- 
written and lost. 





Am2910 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Package Type Temperature Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 


AM2910PC P-40 C-1 
AM2910DC D-40 C-1 
AM2910DC-B D-40 B-1 
AM2910DM D-40 C-3 
AM2910DM-B D-40 B-3 
AM2910FM F-42 C-3 
AM2910FM-B F-42 B-3 


Visual i : 
AM2910XG Dice isual inspection 





=O £S£2522000 


i to MIL-STD-883 
AM2910XM Dice Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed 
outline. Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise 
specified. 

2. C = 0°C to +70°C, M = —55°C to +125°C. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL- 
STD-883, Class B. 


Metallization and Pad Layout 


32 31 30 29 28 27 





Die Size 0.170” x 0.194” 
(Note: Numbers refer to DIP connections) 











11°12 13 14 «15 


CONNECTION DIAGRAMS — Top Views 


Flat Package 


Am2910 


MPR-107 MPR-108 


Pin 1 is marked for orientation. On flat pack all three ground Pins must be connected to ground. 
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TABLE |. INSTRUCTIONS 


FAIL __ PASS _ 
CCEN = LOW and CC =HIGH | CCEN =HIGH orCC=LOW | peg, 
Y 


ae STACK CNTR 
0 


JUMP ZERO 





COND JSB PL 


Am2910 


ENABLE 
PL 











JUMP MAP 


D 








COND JUMP PL 


PUSH/COND LD CNTR 


COND JSB R/PL 





PC 














COND JUMP VECTOR 








COND JUMP R/PL 


REPEAT LOOP, CNTR #0 
#0 
REPEAT PL, CNTR #0 


COND RTN 
COND JUMP PL & POP 
LD CNTR & CONTINUE 


TEST END LOOP 
CONTINUE 


THREE-WAY BRANCH 








+ + : 





























Note 1: If CCEN = LOW and CC = HIGH, hold; else load. X = Don’t Care 


TABLE Il. PIN FUNCTIONS 


[iiavion [Wore | 


Direct Input Bit i 
Instruction Bit i 
Condition Code 
Cordition Code Enable 


Carry-In 
Register Load 


Output Enable 

Clock Pulse 

+5 Volts 

Ground 

Microprogram Address Bit i 
Full 

Pipeline Address Enable 


Map Address Enable 


Vector Address Enable 


Function 


Direct input to register/counter and multiplexer. Dg is LSB 
Selects one-of-sixteen instructions for the Am2910 
Used as test criterion. Pass test is a LOW on CC. 


Whenever the signal is HIGH, CC is ignored and the part operates 
as though CC were true (LOW). 


Low order carry input to incrementer for microprogram counter 


When LOW forces loading of register/counter regardless of 
instruction or condition 


Three-state control of Yj outputs 
Triggers all internal state changes at LOW-to-HIGH edge 


Address to microprogram memory. Yq is LSB, Y11 is MSB 
Indicates that five items are on the stack 


Can select #1 source (usually Pipeline Register) as direct 
input source 


Can select #2 source (usually Mapping PROM or PLA) as 
direct input source . 


Can select #3 source (for example, Interrupt Starting Address) 
as direct input source 
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HOLD 
HOLD PL 


MAP 


HOLD VECT 
L 


| 





Am2910 
MAXIMUM RATINGS (Above which the useful life may be impaired) 





Storage Temperature 





—65°C to +150°C 


























Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to Vec max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30mA 
DC Input Current : : oaks —30mA to +5.0mMA 
ELECTRICAL CHARACTERISTICS The Following Conditions Apply Unless Otherwise Specified: 

COM’L Ta= 0°C to +70°C Vcc = 5.0V +5% MIN. =4.75V) MAX.=5.25V 

MIL Tc =-55°C to+125°C }=—- Vee = 5.0V 410% MIN. =4.50V MAX. =5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Output HIGH Voltage 


Vec = MIN., lon = —1.6mA 
VIN = Vin or Vit 





Output LOW Voltage 


Vcc = MIN. Yo-11, lot = 12mA 


VIN = VIH OF VIL | BL, VEGT, MAP, FULL, Io, =8maA 





Input HIGH Level (Note 4) 


Guaranteed Input Logical HIGH 
voltage for all inputs 





Input LOW Level (Note 4) 


Guaranteed input logical LOW 
voltage for all inputs 





Input Clamp Voltage 


Vec = MIN., Ityy = -18mMA 





Input LOW Current 


Input HIGH Current 


Input HIGH Current 





Do-~11 
Cl, CCEN 











Vcc = MAX., Vin = 0.5V 19.3, OE, RLD 


Vec = MAX., Vin 


Vec = MAX., Vin 





Output Short Circuit Current 
(Note 3) 


Vcc = MAX. 





Output OFF Current 


Vcc = MAX. 
OE =2.4V 
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Power Supply Current 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
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2. Typical timits are at Voc = 5.0V, 25°C ambient and maximum loading, 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second, 
4. These input levels provide no guaranteed noise immunity and should only be tested in a static-, noise-free environment. 
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See Tables A for ts and th for various 
inputs. See Tables B for combinational 
delays from clock and other inputs to 
outputs. See Figure 5 for timing of a 
typical CCU cycle. 
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Figure 2. Switching Waveforms. MPR-109 
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SWITCHING CHARACTERISTICS 


The tables below define the Am2910 switching characteristics. Tables A are set-up and hold times relative to the clock LOW-to-HIGH 
transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made at 1.5V with input levels 
at OV or 3V. All values are in ns. 


TYPICAL ROOM TEMPERATURE CHARACTERISTICS (Ta = 25°C, Vcc = 5.0V, CL = 50pF) 


A. Set-up and Hold Times B. Combinational Delays C. Clock Requirements 


Piinimurn Glock LOW Time [23 [ 
[Minimum Clock HIGH Time | 30 | ns 
Minimum Clock Period, 18,8, 75| | ne 
[Minimum Clock Period, tata [| ne 


(Clock periods for other instructions are 
determined by external conditions.) 


Note: These instructions are conditional on the 
counter. Delays from CP to outputs will be 
longer if the instruction prior to the clock was 
4 or 12 or RLD was LOW. 


GUARANTEED ROOM TEMPERATURE CHARACTERISTICS (Ta = 25°C, Vcc = 5.0V, CL = 50pF) 


A. Set-up and Hold Times B. Combinational Delays C. Clock Requirements 


[Minimum Clock OW Time] | ns] 
[Minimum Clock HIGH Time | | ns | 
[Minimum Clock Period, 1=8,9,75] | ns 
[Minimum Clock Period, to14 | | ns 


(Clock periods for other instructions are 
determined by external conditions.) 


cP Note: These instructions are conditional on the 
All other | counter. Delays from CP to outputs will be 


a el ee longer if the instruction prior to the clock was 
4 or 12 or RLD was LOW. 


GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
Am2910PC, DC (Ta = 0°C to +70°C, Vcc = 4.75V to 5.25V, CL. = 50pF) 


A. Set-up and Hold Times B. Combinational Delays C. Clock Requirements 


Taoue |v [FE VECT. MAP| Fat | [Minimum Clock LOW Time [50 | as 
[Minimum Clock HIGH Time | 30_| ns | 
[Minimum Clock Period, =8,9, 75] | ne 
[Minimum Clock Prioa, =14__ |_| ne | 


(Clock periods for other instructions are 
determined by externa! conditions.) 


Note: These instructions are conditional on the 
counter. Delays from CP to outputs will be 
longer if the instruction prior to the clock was 
4 or 12 or RLD was LOW. 


GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 
Am2910DM, FM (Tc = —55°C to +125°C, Vcc = 4.5V to 5.5V, CL = 50pF) 


A. Set-up and Hold Times B. Combinational Delays C. Clock Requirements 


[Minimum Glock LOW Time [| vs] 
[Minimum Clock HIGH Time [| | 
Minimum Clock Period, 1=8,9,15] | ns | 

| dns | 


Minimum Clock Period, 1=14 


(Clock periods for other instructions are 
determined by external conditions.) 


me 
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Note: These instructions are conditional on the 
All other f counter. Delays from CP to outputs will be 
longer if the instruction prior to the clock was 
4 or 12 or RLD was LOW. 
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Figure 3. Typical Bipolar Microcomputer Using Am2910. 
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0 JUMP ZERO (JZ) 
0 
1 IN 
2 


3 COND JUMP PL (CJP) 


50 
51 : 
52 
53 
54 30 
31 


6 COND JUMP VECTOR (CJV) 


50 
51 
52 
53 20 
54 21 


8 REPEAT LOOP, CNTR + 0 (RFCT) 
STACK 


(PUSH) 
= REGISTER/ 
51 COUNTER 
52 
53 
54 
55 


11 COND JUMP PL & POP (CJPP) 


STACK 
(PUSH) 


14 CONTINUE (CONT) 


1 COND JSB PL (CJS) 


STACK 
90 
91 
92 
93 


4 PUSH/COND LD CNTR (PUSH) 


STACK 


REGISTER/ 
COUNTER 


7 COND JUMP R/PL (JRP) 


50 

51 

52 

53 
70 80 
71 81 


9 REPEAT PL, CNTR ¥ 0 (RPCT) 


COUNTER 
(LDCT) 


12 LD CNTR & CONTINUE (LDCT) 


COUNTER 


15 THREE-WAY BRANCH (TWB) 


STACK 
62 (PUSH) 
63 REGISTER/ 
64 ¢ COUNTER 
65 e— 72 
66 73 


Figure 4. Am2910 Execution Examples. 
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2 JUMP MAP (JMAP) 


5 COND JSB R/PL (JSRP} 


10 COND RETURN (CRTN) 


| STACK 


13 TEST END LOOP (LOOP) 


50 
51 
52 
53 
54 
55 
56 
57 


Am2910 


STACK 
(PUSH) 
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THE Am2910 INSTRUCTION SET 


The Am2910 provides 16 instructions which select the address 
of the next microinstruction to be executed. Four of the in- 
structions are unconditional — their effect depends only on 
the instruction. Ten of the instructions have an effect which is 
partially controlled by an external, data-dependent condition. 
Three of the instructions have an effect which is partially con- 
trolled by the contents of the internal register/counter. The 
instruction set is shown in Table |. In this discussion it is 
assumed that Cp is tied HIGH. 


In the ten conditional instructions, the result of the data- 
dependent test is applied to CC. If the CC input is LOW, the 
test is considered to have been passed, and the action speci- 
fied in the name occurs; otherwise, the test has failed and an 
alternate (often simply the execution of the next sequential 
microinstruction) occurs. Testing of CC may be disabled for a 
specific microinstruction by setting CCEN HIGH, which uncon- 
ditionally forces the action specified in the name; that is, it 
forces a pass. Other ways of using CCEN include (1) tying it 
HIGH, which is useful if no microinstruction is data-dependent; 
(2) tying it LOW if data-dependent instructions are never forced 
unconditionally; or (3) tying it to the source of Am2910 
instruction bit Ig, which leaves instructions 4, 6, and 10 as 
data-dependent but makes others unconditional. All of these 
tricks save one bit of microcode width. 


The effect of three instructions depends on the contents of the 
register/counter. Unless the counter holds a value of zero, it 
is decremented; if it does hold zero, it is held and a different 
microprogram next address is selected. These instructions are 
useful for executing a microinstruction loop a known number 
of times. Instruction 15 is affected both by the external con- 
dition code and the internal register/counter. 


Perhaps the best technique for understanding the Am2910 is 
to simply take each instruction and review its operation. In 
order to provide some feel for the actual execution of these 
instructions, Figure 4 is included and depicts examples of all 
16 instructions. 


The examples given in Figure 4 should be interpreted in the 
following manner: The intent is to show microprogram flow 
as various microprogram memory words are executed. For 
example, the CONTINUE instruction, instruction number 14, 
as shown in Figure 4, simply means that the contents of micro- 
program memory word 50 is executed, then the contents of 
word 51 is executed. This is followed by the contents of micro- 
program memory word 52 and the contents of microprogram 
memory word 53. The microprogram addresses used in the 
examples were arbitrarily chosen and have no meaning other 
than to show instruction flow. The exception to this is the 
first example, JUMP ZERO, which forces the microprogram 
location counter to address ZERO. Each dot refers to the time 
that the contents of the microprogram memory word is in 
the pipeline register. While no special symbology is used for 
the conditional instructions, the test to follow will explain 
what the conditional choices are in each example. 


It might be appropriate at this time to mention that AMD has 
a microprogram assembler called AMDASM, which has the 
capability of using the Am2910 instructions in symbolic repre- 
sentation. AMDASM’s Am2910 instruction symbolics (or mne- 
monics) are given in Figure 4 for each instruction and are also 
shown in Table I. 


Instruction 0, JZ (JUMP and ZERO, or RESET) uncondi- 
tionally specifies that the address of the next microinstruction 
is zero. Many designs use this feature for power-up sequences 


2-96 


and provide the power-up firmware beginning at microprogram 
memory word location 0. 


Instruction 1 is a CONDITIONAL JUMP-TO-SUBROUTINE 
via the address provided in the pipeline register. As shown in 
Figure 4, the machine might have executed words at address 
50, 51, and 52. When the contents of address 52 is in the pipe- 
line register, the next address control function is the CONDI- 
TIONAL JUMP-TO-SUBROUTINE. Here, if the test is passed, 
the next instruction executed will be the contents of micro- 
program memory location 90. If the test has failed, the JUMP- 
TO-SUBROUTINE will not be executed; the contents of micro- 
program memory location 53 will be executed instead. Thus,- 
the CONDITIONAL JUMP-TO-SUBROUTINE instruction at 
location 52 will cause the instruction either in location 90 or 
in location 53 to be executed next. If the TEST input is such 
that location 90 is selected, value 53 will be pushed onto the 
internal stack. This provides the return linkage for the machine 
when the subroutine beginning at location 90 is completed. 
In this example, the subroutine was completed at location 93 
and a RETURN-FROM-SUBROUTINE would be found at 
location 93. 


Instruction 2 is the JUMP MAP instruction. This is an uncondi- 
tional instruction which causes the MAP output to be enabled 
so that the next microinstruction location is determined by 
the address supplied via the mapping PROMs. Normally, the 
JUMP MAP instruction is used at the end of the instruction 
fetch sequence for the machine. In the example of Figure 4, 
microinstructions at locations 50, 51, 52, and 53 might have 
been the fetch sequence and at its completion at location 53, 
the jump map function would be contained in the pipeline 
register. This example shows the mapping PROM outputs to 
be 90; therefore, an unconditional jump to microprogram 
memory address 90 is performed. 


Instruction 3, CONDITIONAL JUMP PIPELINE, derives its 
branch address from the pipeline register branch address value 
(BRo — BRq1 in Figure 2). This instruction provides a tech- 
nique for branching to various microprogram sequences de- 
pending upon the test condition inputs. Quite often, state 
machines are designed which simply execute tests on various 
inputs waiting for the condition to come true. When the true 
condition is reached, the machine then branches and executes 
a set of microinstructions to perform some function. This 
usually has the effect of resetting the input being tested until 
some point in the future. Figure 4 shows the conditional jump 
via the pipeline register address at location 52. When the con- 
tents of microprogram memory word 52 are in the pipeline 
register, the next address will be either location 53 or location 
30 in this example. !f the test is passed, the value currently in 
the pipeline register (3) will be selected. If the test fails, the 
next address selected will be contained in the microprogram 
counter which, in this example, is 53. 


Instruction 4 is the PUSH/CONDITIONAL LOAD COUNTER 
instruction and is used primarily for setting up loops in micro- 
program firmware. In Figure 4, when instruction 52 is in the 
pipeline register, a PUSH will be made onto the stack and the 
counter will be loaded based on the condition. When a PUSH 
occurs, the value pushed is always the next sequential instruc- 
tion address. In this case, the address is 53. If the test fails, the 
counter is not loaded; if it is passed, the counter is loaded with 
the value contained in the pipeline register branch address field. 
Thus, a single microinstruction can be used to set up a loop to 
be executed a specific number of times. Instruction 8 will 
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describe how to use the pushed value and the register/counter 
for looping. 


Instruction 5 is a CONDITIONAL JUMP-TO-SUBROUTINE 
via the register/counter or the contents of the PIPELINE 
register. As shown in Figure 4, a PUSH is always performed 
and one of two subroutines executed. In this example, either 
the subroutine beginning at address 80 or the subroutine be- 
ginning at address 90 will be performed. A return-from-sub- 
routine (instruction number 10) returns the microprogram 
flow to address 55. In order for this microinstruction control 
sequence to operate correctly, both the next address fields of 
instruction 53 and the next address fields of instruction 54 
would have to contain the proper value. Let's assume that the 
branch address fields of instruction 53 contain the value 90 so 
that it will be in the Am2910 register/counter when the con- 
tents of address 54 are in the pipeline register. This requires 
that the instruction at address 53 load the register/counter. 
Now, during the execution of instruction 5 (at address 54), if 
the test failed, the contents of the register (value = 90) will 
select the address of the next microinstruction. If the test 
input passes, the pipeline register contents (value = 80) will 
determine the address of the next microinstruction. There- 
fore, this instruction provides the ability to select one of two 
subroutines to be executed based on a test condition. 


Instruction 6 isa CONDITIONAL JUMP VECTOR instruction 
which provides the capability to take the branch address from 
a third source heretofore not discussed. In order for this in- 
struction to be useful, the Am2910 output, VECT is used to 
control a three-state control input of a register, buffer, or 
PROM containing the next microprogram address. This in- 
struction provides one technique for performing interrupt type 
branching at the microprogram level. Since this instruction’ is 
conditional, a pass causes the next address to be taken from 
the vector source, while failure causes the next address to be 
taken from the microprogram counter. In the example of 
Figure 4, if the CONDITIONAL JUMP VECTOR instruction is 
contained at location 52, execution will continue at vector 
address 20 if the TEST input is HIGH and the microinstruction 
at address 53 will be executed if the TEST input is LOW. 


Instruction 7 is a CONDITIONAL JUMP via the contents of 
the Am2910 REGISTER/COUNTER or the contents of the 
PIPELINE register. This instruction is very similar to instruc- 
tion 5; the conditional jump-to-subroutine via R or PL. The 
major difference between instruction 5 and instruction 7 is 
that no push onto the stack is performed with 7. Figure 4 
depicts this instruction as a branch to one of two locations 
depending on the test condition. The example assumes the 
pipeline register contains the value 70 when the contents of 
address 52 is being executed. As the contents of address 53 is 
clocked into the pipeline register, the value 70 is loaded into 
the register/counter in the Am2910. The value 80 is available 
when the contents of address 53 is in the pipeline register. 
Thus, control is transferred to either address 70 or address 80 
depending on the test condition. 


Instruction 8 is the REPEAT LOOP, COUNTER # ZERO in- 
struction. This microinstruction makes use of the decrementing 
capability of the register/counter. To be useful, some previous 
instruction, such as 4, must have loaded a count value into the 
register/counter. This instruction checks to see whether the 
register/counter contains a non-zero value. If so, the register/ 
counter is decremented, and the address of the next micro- 
instruction is taken from the top of the stack. If the register 
counter contains zero, the loop exit condition is occuring; 
control falls through to the next sequential microinstruction 
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by selecting uPC; the stack is POP’d by decrementing the stack 
pointer, but the contents of the top of the stack are thrown 
away. 


An example of the REPEAT LOOP, COUNTER # ZERO in- 
struction is shown in Figure 4. In this example, location 50 
most likely would contain a PUSH/CONDITIONAL LOAD 
COUNTER instruction which would have caused address 51 to 
be PUSHed on the stack and the counter to be loaded with the 
proper value for looping the desired number of times. 


In this example, since the loop test is made at the end of the 
instructions to be repeated (microaddress 54), the proper 
value to be loaded by the instructions at address 50 is one less 
than the desired number of passes through the loop. This 
method allows a loop to be executed 1 to 4096 times. If it is 
desired to execute the loop from 0 to 4095 times, the firm- 
ware should be written to make the loop exit test immediately 
after loop entry. 


Single-microinstruction loops provide a highly efficient capa- 
bility for executing a specific microinstruction a fixed number 
of times. Examples include fixed rotates, byte swap, fixed 
point multiply, and fixed point divide. 


Instruction 9 is the REPEAT PIPELINE REGISTER, COUNT- 
ER # ZERO instruction. This instruction is similar to instruc- 
tion 8 except that the branch address now comes from the 
pipeline register rather than the file. In some cases, this instruc- 
tion may be thought of as a one-word file extension; that is, 
by using this instruction, a loop with the counter can still be 
performed when subroutines are nested five deep. This instruc- 
tion’s operation is very similar to that of instruction 8. The dif- 
ferences are that on this instruction, a failed test condition 
causes the source of the next microinstruction address to be 
the D inputs; and, when the test condition is passed, this in- 
struction does not perform a POP because the stack is not 
being used. 


In the example of Figure 4, the REPEAT PIPELINE, COUNT- 
ER # ZERO instruction is instruction 52 and is shown as a 
single microinstruction loop. The address in the pipeline reg- 
ister would be 52. Instruction 51 in this example could be the 
LOAD COUNTER AND CONTINUE instruction (number 12). 
While the example shows a single microinstruction loop, by 
simply changing the address in a pipeline register, multi- 
instruction loops can be performed in this manner for a fixed 
number of times as determined by the counter. 


Instruction 10 is the conditional RETURN-FROM-SUBROU- 
TINE instruction. As the name implies, this instruction is used 
to branch from the subroutine back to the next microinstruc- 
tion address following the subroutine call. Since this instruc- 
tion is conditional, the return is performed only if the test is 
passed. If the test is failed, the next sequential microinstruction 


4s performed. The example in Figure 4 depicts the use of the 


conditional RETURN-FROM-SUBROUTINE instruction in 
both the conditional and the unconditional modes. This exam- 
ple first shows a jump-to-subroutine at instruction location 52 
where control is transferred to location 90. At location 93, a 
conditional ,RETURN-FROM-SUBROUTINE instruction is 
performed. If the test is passed, the stack is accessed and the 
program will transfer to the next instruction at address 53. If 
the test is failed, the next microinstruction at address 94 will 
be executed. The program will continue to address 97 where 
the subroutine is complete. To perform an unconditional 
RETURN-FROM-SUBROUTINE, the conditional RETURN- 
FROM-SUBROUTINE instruction is executed unconditionally; 
the microinstruction at address 97 is programmed to force 
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CCEN HIGH, disabling the test and the forced PASS causes an 
unconditional return. 


Instruction 11 is the CONDITIONAL JUMP PIPELINE register 
address and POP stack instruction. This instruction provides 
another technique for loop termination and stack maintenance. 
The example in Figure 4 shows a loop being performed from 
address 55 back to address 51. The instructions at locations 52, 
53, and 54 are all conditional JUMP and POP instructions. At 
address 52, if the TEST input is passed, a branch will be made 
to address 70 and the stack will be properly maintained via a 
POP. Should the test fail, the instruction at location 53 (the 
next sequential instruction) will be executed. Likewise, at 
address 53, either the instruction at 90 or 54 will be subse- 
quently executed, respective to the test being passed or failed. 
The instruction at 54 follows the same rules, going to either 80 
or 55. An instruction sequence as described here, using the 
CONDITIONAL JUMP PIPELINE and POP instruction, is very 
useful when several inputs are being tested and the micropro- 
gram is looping waiting for any of the inputs being tested to 
occur before proceeding to another sequence of instructions. 
This provides the powerful jump-table programming technique 
at the firmware level. 


Instruction 12 is the LOAD COUNTER AND CONTINUE in- 
struction, which simply enables the counter to be loaded with 
the value at its parallel inputs. These inputs are normally con- 
nected to the pipeline branch address field which (in the 
architecture being described here) serves to supply either a 
branch address or a counter value depending upon the micro- 
instruction being executed. There are altogether three ways of 
loading the counter — the explicit load by this instruction 12; 
the conditional load included as part of instruction 4; and the 
use of the RLD input along with any instruction. The use of 
RLD with any instruction overrides any counting or decremen- 
tation specified in the instruction, calling for a load instead. Its 
use provides additional microinstruction power, at the expense 
of one bit of microinstruction width. This instruction 12 is 
exactly equivalent to the combination of instruction 14 and 
RLD LOW. Its purpose is to provide a simple capability to 
load the register/counter in those implementations which do 
not provide microprogrammed control for RLD. 


Instruction 13 is the TEST END-OF-LOOP instruction, which 
provides the capability of conditionally exiting a loop at the 
bottom; that is, this is a conditional instruction that will cause 
the microprogram to loop, via the file, if the test is failed 
else to continue to the next sequential instruction. The 
example in Figure 4 shows the TEST END-OF-LOOP micro- 
instruction at address 56. If the test fails, the microprogram 
will branch to address 52. Address 52 is on the stack because 
a PUSH instruction had been executed at address 51. If the 
test is passed at instruction 56, the loop is terminated and the 
next sequential microinstruction at address 57 is executed, 
which also causes the stack to be POP’d; thus, accomplishing 
the required stack maintenance. 
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Instruction 14 is the CONTINUE instruction, which simply 
causes the microprogram counter to increment so that the next 
sequential microinstruction is executed. This is the simplest 
microinstruction of all and should be the default instruction 
which the firmware requests whenever there is nothing better 
to do. 


Instruction 15, THREE-WAY BRANCH, is the most complex. 
It provides for testing of both a data-dependent condition and 
the counter during one microinstruction and provides for se- 
lecting among one of three microinstruction addresses as the 
next microinstruction to be performed. Like instruction 8, a 
previous instruction will have loaded a count into the register/ 
counter while pushing a microbranch address onto the stack. 
Instruction 15 performs a decrement-and-branch -until-zero 
function similar to instruction 8. The next address is taken 
from the top of the stack until the count reaches zero; then 
the next address comes from. the pipeline register. The above 
action continues as long as the test condition fails. If at any 
execution of instruction 15 the test condition is passed, no 
branch is taken; the microprogram counter register furnishes 
the next address. When the loop is ended, either by the count 
becoming zero, or by passing the conditional test, the stack is 
POP’d by decrementing the stack pointer, since interest in the 
value contained at the top of the stack is then complete. 


The application of instruction 15 can enhance performance 
of a variety of machine-level instructions. For instance, (1) a 
memory search instruction to be terminated either by finding 
a desired memory content or by reaching the search limit; 
(2) variable-field-length arithmetic terminated early upon 
finding that the content of the portion of the field still un- 
processed is all zeroes; (3) key search in a disc controller pro- 
cessing variable length records; (4) normalization of a floating 
point number. 


As one example, consider the case of a memory search instruc- 
tion. As shown in Figure 4, the instruction at microprogram 
address 63 can be Instruction 4 (PUSH), which will push the 
value 64 onto the microprogram stack and load the number N, 
which is one less than the number of memory locations to be 
searched before giving up. Location 64 contains a microin- 
struction which fetches the: next operand from the memory 
area to be searched and compares it with the search key. Loca- 
tion 65 contains a microinstruction which tests the result of the 
comparison and also is a THREE-WAY BRANCH for micro- 
program control. If no match is found, the test fails and the 
microprogram goes back to location 64 for the next operand 
address. When the count becomes zero, the microprogram 
branches to location 72, which does whatever is necessary if 
no match is found. If a match occurs on any execution of the 
THREE-WAY BRANCH at location 65, control falls through ' 
to location 66 which handles this case. Whether the instruction 
ends by finding a match or not, the stack will have been POP’d 
once, removing the value 64 from the top of the stack. 
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ARCHITECTURES USING THE Am2910 
(Shading shows path(s) which usually limit speed) 


Figure 5. 
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One level pipeline provides better speed than most other architectures. The Program Memory and the 


Am2901A array are in parallel speed paths instead of in series. This is the recommended architecture for 
Am2900 designs. 
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Typical CCU Cycle Timing Waveforms. 


This drawing shows the timing relationships in the CCU illustrated above. 


(Note: 50 ns figure is an estimate of what worst case delay will be for the CC to Y path) 
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OTHER ARCHITECTURES USING THE Am2910 
(Shading shows path(s) which usually limit speed) 


Figure 6. 
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A Register at the Microprogram Memory output contains the 
microinstruction being executed. The microprogram memory 
and Am2901A delay are in series. Conditional branches are 
executed on same cycle as the ALU operation generating the 
condition. 
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C. Data Based 
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The Status Register provides conditional Branch control based 
on results of previous ALU cycle. The Microprogram Memory 


and Am2901A are in series in the critical paths. 
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B. Addressed Based 


near 


MICROPROGRAM 
MEMORY, 
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The Register at the Am2910 output contains the address of 
the microinstruction being executed. The Microprogram Mem- 
ory and Am2901A are in series in the critical path. This 
architecture provides about the same speed as the Instruction 
based architecture, but requires fewer register bits, since only 
the address (typically 10-12 bits) is stored instead of the in- 
struction (typically 40-60 bits). 
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D. Two Level Pipeline Based 


“Am 2910 


PIPELING 2 
REGISTER #4500 Baoece 


MICROPROGRAM 
MEMORY 
* 1(A+1) 


PIPELINE 
REGISTER ® 


STATUS 
REGISTER 


Two level pipeline provides highest possible speed. It is more 
-difficult to program because the selection of a microinstruction 


occurs two instructions ahead of its execution. 
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Priority Interrupt Expander 





Distinctive Characteristics 


@ Encodes eight lines to three-line binary @ Gated three-state output 

e@ Expands use of Am2914 @ Advanced Low-Power Schottky processing 

@ Cascadable @ 100% reliability assurance testing in compliance with 
© Similar in function to Am54LS/74LS/25LS148/2513 MIL-STD-883 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Low-Power Schottky Priority Interrupt Expander is an 

extention of the Am2900 series of Bipolar Processor family 1815 16 17 4 
and is used to expand and prioritize the output of the Am2914 _ 
Priority Interrupt circuit. Affording an increase of vectored 
priority interrupt in groups of eight, this unit accepts active 
LOW inputs and produces a three-state active HIGH output 
prioritized from active 17 to Ig. The output is gated by five 
control signals, three active LOW and two active HIGH. Also 
provided is a cascade input (Ei) and Enable Output (EO). Ag AY 


lo ty lo Igy 


Am2913 


One Am2913 will accept and encode group signal lines from up 
to 8 Am2914's (64 levels of interrupt). Additional Am2913’s 
may be used to encode more interrupt levels. 
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CONNECTION DIAGRAM 
Top View 


Gs 


1 304 ~=5 
Ld tL) LI 


l4 fg 1 &f 


Note: Pin 1 is marked for orientation. 
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ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ta =0°C to+70°C Vec =5.0V 45% MIN. =4.75V MAX. = 5.25V 

MIL Ta =—-55°C to +128°C }=§ Vgc = 5.0V 410% MIN. =4.50V MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE ae 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


MIL, toy = —1.0mA 
Vec =MIN. COM'L,! =-2 ame 
Output HIGH Voltage ce hi 


Vin = Vin oF Vie 
EO, lon = -4aona 


lo. =4.0mA 
Voc = MIN. 
Output LOW Voltage Vin = Vin or Vib lo. =8.0mA 


lo = 12mMA(Ay Outputs) 


Inout HIGH Level Guaranteed input logical HIGH 
P voltage for al! inputs 
Guaranteed input logical LOW 
Input LOW Level voltage for all inputs 
Input Clamp Voltage Vec =MIN., lyn = —18mA 
Vec = MAX. El, Gy,G9,G3,G4,G5,\ 
Input LOW Current rae 0.4V ra an als fi Id 
fe) 
Vec = MAX. EI,G1,G9,G3,G4,G5,1 
. Vv MAX. El,G1,G2,G3,G4,G5,| 
Input HIGH Current voo= ee 7 = ek Denk at 
others 
Off-State (High-I mpedance) Vec = MAX. 
Output Current 
Output Short Circuit Current Vec = MAX. 
(Note 3) 
Power Supply Current M 
(Note 4) Vee = Mes: 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

Not more than one output should be shorted at a time. Ouration of the short circuit test should not exceed one second. 

All inputs and outputs open. 


< 
io) 
r= 





So 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Package Type Temperature Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 


AM2913PC P-20 C-1 
AM2913DC D-20 C-1 
AM2913DC-B D-20 B-1 
AM2913DM D-20 C-3 
AM2913DM-B D-20 B-3 
AM2913FM F-20 C-3 
AM2913FM-B F-20 B-3 


Visual inspection 
AM2913XC Dice 


ZO Z222000 


| to MIL-STD-883 
AM2913XM Dice Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = 0°C to +70°C, M = —55°C to +125°C. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 






































Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vcc max. 
DC Input Voltage —0.5V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 
Parameters Description Min. Typ. Max. Units Test Conditions 


t 7 
Tj to Ap (In-phase) 
t ie 
1; to Ap (Out-phase) 
t = ‘eee 
i 10 EG 
t _ a 
i to EO 
t aoe 
El to Ap 


tLz 
tHz 








17 25 



















NO 
> 


WO 


G4 or Gg to Ay 


ee aan Bea 
G3, G4, G5 to An 


NIN =| Si = = 
ye) OlN N 
n” 


oO 


30 


= 


G1 or G2 to Ay 


b 


G3, Gq, G5 to An 


NIT NOP NTR Nd Ww nN Wi -| w& ~|N 
~ aQini nN ~ = hINL oO Ny] oo 





SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 





Am2913 COM’L Am2913 MIL 


Ta =0°C to +70°C Ta =-55°Ctot+125°C 
Vcc =5.0V +5% Vcc = 5.0V +10% 


Min. Max. Min. Max. 
3 












Parameters Description Units Test Conditions 


t = 
1; to Ap (in-phase) 
t -_ 
1; to Ay (Out-phase) 
t = — 
jj to EO 
toE 












ie) 

°o 
w 

#/9 


nN 
nN 
Ny 
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ol 


Ww 
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N 
msn 
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> 
nN 


t 
G1 or Gg to Ay 
t2H 


G3, G4, G5 to An 


| ZH | 
pistale 5] 
ae 
Pep ase 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Note: i=Qto7 
n=Oto2 
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DEFINITIONS OF FUNCTIONAL TERMS Metallization and Pad Layout 


AO, A1,A2 = Three-state, active high encoder outputs 

EI Enable input provided to allow cascaded oper- 
ation 
Enable output provided to enable the next lower 
order priority chip 
Active high three-state output controls 
Active low three-state output controls 
Active low encoder inputs 


TRUTH TABLE 


w"! 
re) 
| 
a 





rcxxMxXx xx zr xis! 
corxxxxx xz xis! 
recxxxxxaiex 
zrrexxxxxrexX 
rrriexxxx.x 
xrrirrxxiu®xX 
Leen oii > Sl co Ae Rs a al 
ee ee a 


=x 
= 
=x 
=x 


H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Don’t Care 

For Gq =H, Gg =H, G3 =Ll,G4g=l,Gpg=L 


Enabled 
z z 


z 
2 
2 
z 


z 
z 
| 2 
Zz 


Z = HIGH Impedance DIE SIZE 0.082” X 0.085"’ 


LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT ORIVING OUTPUT DRIVEN INPUT 


Note: Actual current flow direction shown. 
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APPLICATION 


cy INSTRUCTION RIPPLE 
ENABLE DISABLE 


Am2914 Vo 


Am2914 


Am2914 


A 
Am2914 2 


Am2913 Ay 


4o 


Isl ol sl al al SI 


| = 


él 


VECTOR 


Am2914 OUTPUT 
m 


5 


nae er, 
TE, Ig. by. 1g. 13 


Am2914 


Am2914 


(INSTRUCTION 
ENABLE 
13 


INSTRUCTION J !2 
INPUT } 4, 


Ig 


Am2914 


Shown above is the connection of the instruction lines and: vector output lines in a 64-input priority inter- 
rupt system. The Am2913 is used to encode the most significant bits associated with the vector output. 
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Vectored Priority Interrupt Controller 


DISTINCTIVE CHARACTERISTICS 


@ Accepts 8 interrupt inputs 
Interrupts may be pulses or levels and are stored internally 
Built-in mask register 
Six different operations can be performed on mask 
register 
Built-in status register 
Status register holds code for lowest allowed interrupt 


Vectored output 
Output is binary code for highest priority un-masked 
interrupt 
Expandable 
Any number of Am2914’s may be stacked for large inter- 
rupt systems 
Microprogrammable 
Executes 16 different microinstructions 
Instruction enable pin aids in vertical microprogramming 
High-speed operation 
Delay from an interrupt clocked into the interrupt register 
to interrupt request output is typically 60 ns 


TABLE OF CONTENTS 


Block Diagram 
Connection Diagrams 
Instructions 

Ordering Information 

DC Characteristics 

AC Characteristics 
Burn-in Circuit 
Applications 

Detailed Logic Description 


FUNCTIONAL DESCRIPTION 


The Am2914 is a high-speed, eight-bit priority interrupt unit 
that is cascadable to handle any number of priority interrupt 
request levels. The high-speed of the Am2914 makes it ideal 
for use in Am2900 family microcomputer designs, but it can 
also be used with the Am9080A MOS microprocessor. 


The Am2914 receives interrupt requests on 8 interrupt input 
lines (Pg-P7). A LOW level is a request. An internal latch may 
be used to catch pulses on these lines, or the latch may be 
bypassed so the request lines drive the edge-triggered interrupt 
register directly. An 8-bit mask register is used to mask indi- 
vidual interrupts. Considerable flexibility is provided for 
controlling the mask register. Requests in the interrupt register 
are ANDed with the corresponding bits in the mask register 
and the results are sent to an 8-input priority encoder, which 
produces a three bit encoded vector representing the highest 
numbered input which is not masked. 


An internal status register is used to point to the lowest 
priority at which an interrupt will be accepted. The contents 
of the status register are compared with the output of the 
priority encoder, and an interrupt request output will occur 
if the vector is greater than or equal to status. Whenever a 
vector is read from the Am2914 the status register is auto- 
matically updated to point to one level higher than the vector 
read. (The status register can be loaded externally or read out 
at any time using the S pins.) Signals are provided for moving 
the status upward across devices (Group Advance Send and 
Group Advance Receive) and for inhibiting lower priorities 
from higher order devices (Ripple Disable, Parallel! Disable, and 
Interrupt Disable). A status overflow output indicates that 
an interrupt has been read at the highest priority. 


The Am2914 is controlled by a 4-bit instruction field Ig-t3. 
The command on the instruction lines is executed if IE is LOW 
and is ignored if IE is HIGH, allowing the 4 I bits to be shared 
with other devices. 


LOGIC SYMBOL 


GROUP INTERRUPT 
ADVANCE 
SEND 


INTERRUPT 
INPUTS 


STATUS 
OVERFLOW 


S2 
Am2914 
STATUS } Sq 


So 


—O) INSTRUCTION GROUP 
ENABLE ENABLE 


INTERRUPT 


INSTRUCTION REQUEST 


GROUP 
CLOCK ADVANCE RIPPLE PARALLEL 
RECEIVE DISABLE DISABLE 
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BLOCK DIAGRAM 


LATCH [> 


BYPASS 


P. 


UTS 


M; oy 8 
M — BUS KS 


INTERRUPT 
OETECT 


INSTRUCTION 
ENABLE LD 


iF MICRO 
INSTRUCTION [_> INSTRUCTION 
INPUTS DECODE 


3 


. O O 8 O 
' 8 iNTR INTR CLEAR 
INTERRUET DDO catcres ‘ 


REG CONTROL 


a 8-BIT al 
MASK REGISTER 


8-INPUT 
PRIORITY 
ENCODER 


3-BIT 
COMPARATOR INTR REQUEST 
AND 
GROUP ENABLE 
O OGIC 
INCREMENTER mihi 
DISABLE 
GROUP 


‘\. — 
Q GE FLIP-FLOP 
GROUP 
3-BIT ENABLE LOWEST GROUP GS 
STATUS [> O] ENABLED [0 GROUP 
FLIP-FLOP 


VECTOR 
CLEAR ENABLE 
FLIP-FLOP 


3-BIT 
VECTOR HOLD 
REGISTER 


Vi 
VECTOR 


OUTPUT 


INTERRUPT 
REQUEST 


PARALLEL 
DISABLE 


() ADVANCE 
SEND 

INTERRUPT 

DISABLE STATUS 


Of OVERFLOW [Oo ST Anus 


OVERFLOW 


REGISTER SIGNAL 


GROUP ADVANCE 
RECEIVE 


PIN SYMBOLS 


[>— Input PIN 
—{} output Pin 

BIDIRECTIONAL 
EF to 


BLOCK DIAGRAM DESCRIPTION 


The Microinstruction Decode circuitry decodes the Interrupt 
Microinstructions and generates required control signals for 
the chip. 


The Interrupt Register holds the Interrupt Inputs and is an 
eight-bit, edge-triggered register which is set on the rising edge 
of the CP Clock signal. 


The Interrupt latches are set/reset-type latches. When the 
Latch Bypass signal is LOW, the latches are enabled and act 
as negative pulse catchers on the inputs to the Interrupt 
Register. When the Latch Bypass signal is HIGH, the Interrupt 
latches are transparent. 


The Mask Register holds the eight mask bits associated with 
the eight interrupt levels. The register may be loaded from 
or read to the M Bus. Also, the entire register or individual 
mask bits may be set or cleared. 


The Interrupt Detect circuitry detects the presence of any 
unmasked Interrupt Input. The eight-input Priority Encoder 
determines the highest priority, non-masked Interrupt Input 
and forms a binary coded interrupt vector. Following a Vector 
Read, the three-bit Vector Hold Register holds the binary 
coded interrupt vector. This stored vector is used for clearing 
interrupts. 


The three-bit Status Register holds the status bits and may 
be loaded from or read to the S Bus. During a Vector Read, 
the Incrementer increments the interrupt vector by one, and 
the result is clocked into the Status Register. Thus the Status 


OPEN COLLECTOR 
OUTPUT 


THREE-STATE 
OUTPUT 
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Register always points to the lowest level at which an interrupt 
will be accepted. 


The three-bit Comparator compares the Interrupt Vector with 
the contents of the Status Register and indicates if the Inter- 
rupt Vector is greater than or equal to the contents of the 
Status Register. 


The Lowest Group Enabled Flip-Flop is used when a number 
of 2914's are cascaded. In a cascaded system, only one Lowest 
Group Enabled Flip-Flop is LOW at a time. It indicates the 
eight interrupt group, which contains the lowest priority 
interrupt level which will be accepted and is used to form the 
higher order status bits. 


The Interrupt Request and Group Enable logic contain various 
gating to generate the Interrupt Request, Parallel Disable, 
Ripple Disable, and Group Advance Send signals. 


The Status Overflow signal is used to disable all interrupts. It 
indicates the highest priority interrupt vector has been read 
and the Status Register has overflowed. 


The Clear Control logic generates the eight individual clear 
signals for the bits in the Interrupt Latches and Register. The 
Vector Clear Enable Flip-Flop indicates if the last vector read 
was from this group. When it is set, it enables the Clear 
Control Logic. 


The CP clock signal is used to clock the Interrupt Register, 
Mask Register, Status Register, Vector Hold Register, and the 
Lowest Group Enabled, Vector Clear Enable and Status 
Overflow Flip-Flops, all on the clock LOW-to-HIGH transition. 





2-107 


Am2914 


CONNECTION DIAGRAMS — Top Views 
Flat Package 


-~ 
e 


GROUP SIGNAL [_]3 


GROUP ADVANCE 
RECEIVE |_| 4 


GROUP ENABLE [_|5 


INTERRUPT 
pisaBLe L| ® 


RIPPLE DISABLE [47 


PARALLEL 
pisasLe L| ® 


INTERRUPT [—] 9 
REQUEST Am2914 


Am2914 


oo On DOD On FF WY NY 


STATUS LATCH 
OVERFLOW 271_Isypass 


; Actual Size 
Actual Size 1.1” X 0.6” . 
2" X 0.6” 6 MPR-126 
MPR-125 *Note: GND's and pins 2, 19, 31 must all be tied together externally. 


Note: Pin 1 is marked for orientation. 


Metallization and Pad Layout 


123 4 5 40 39 38 37 36 35 


DIE SIZE 
133mm X 187 mm 


Numbers correspond to 
DIP pin-out. 


16 17 18 19 20 21 22 23 24 25 26 


TABLE | 
-MICROINSTRUCTION SET FOR Am2914 PRIORITY INTERRUPT CIRCUIT 


Decimal Decimal 
Igloi4lo Mnemonic Instruction Iglolqlg Mnemonic Instruction 


Mask Register Functions Vectored Output 
LDM Load mask register from M bus 5 RDVC Read vector output to V outputs, load V+1 
RDM Read mask register to M bus into status register, load V into vector hold 
cen ita eas iste ahaa poo! register and set vector clear enable flip-flop. 
et mask register (inhibits all interrupts Priority Interru 
. pt Register Clear 
BCLRM Bit clear mask register from M bus CLRIN Clear all interrupts 


BSETM Bit set mask register from M bus CLRMR Clear interrupts from mask register data (uses 
the M bus) 

Clear interrupts from M bus data 

Clear the individual interrupt associated with 
the last vector read 


Master Clear 
Interrupt Request Control MCLR Clear all interrupts, clear mask register, clear 
ENIN Enable interrupt request status register, clear LGE flip-flop, enable 
DISIN Disable interrupt request interrupt request. 


Status Register Functions CLRMB 
LDSTA Load status register from S bus and LGE CLRVC 
flip-flop from GE input 
RDSTA Read status register.to S bus 
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STANDARD SCREENING 
(Conforms to MIL-STD-883 for Class C Parts) 


MILSTD-283 
Step Method Conditions Am2914PC,DC }; Am2914DM, FM 


Pre-Seal Visual Inspection 2010 lett (i‘CS™SCSC‘C*”d 100% 100% 
10 


24-hour 5 ‘4 
Stabilization Bake 1008 C 150°C 100% 0% 

Teperaiurcevels 1010 ¢ 785 Cto +160 C 100% 100% 

10 cycles 


1014 A 5x 10-8 atm-ce/sec 100% * 100% 


1014 C2 Fluorocarbon 100% * 100% 


Electrical Test See below for 6 ° 
Subgroups 1 and 7 5004 definitions of subgroups 100% 100% 


Insert Additional Screening here for Class B Parts 


Group A Sample Tests 
Subgroup 1 
Subgroup 2 
Subgroup 3 5005 See below for 
Subgroup 7 definitions of subgroups 
Subgroup 8 Maximum accept number 
Subgroup 9 is 3 


*Not applicable for Am2914PC. 





ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Order Package Type Temperature Range Screening Level 
Number (Note 1) (Note 2) (Note 3) 


AM2914PC P-40 
AM2914DC D-40 
AM2914DC-B D-40 
AM2914DM D-40 
AM2914DM-B D-40 
AM2914FM F-42 
AM2914FM-B F-42 


AM2914XC Dice 
AM2914XM Dice 


C-1 
C-1 
B-1 
C-3 
B-3 
C-3 
B-3 
Visual! inspection 


ZO S2225000 


to MIL-STD-883 
Method 20108. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed 
Outline. Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise 
specified. 

‘2. C = 0°C to +70°C, M = —55°C to +125°C. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to 
MIL-STD-883, Class B.. 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 























Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —(i‘“‘é‘OCSCS*;*;*;*;”!!OOO~!OOCAQ.8V to +Vgg max. 
DC Input Voltage —0.5V to 5.5V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 





OPERATING RANGE 


Temperature 


P/N Vec 
Am2914PC, DC 0°C to +70°C 4.75V to 5.25V 
Am2914DM, FM —55°C to +125°C 4.50V to 5.50V 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 
(Group A, Subgroups 1, 2, and 3) 


Am2914XC Ta =0°C to +70°C Vec = 5.0V + 5% (COM’L) MIN, = 4.75V MAX. = 5.25V 
Am2914XM Te = —55°C to +125°C Vec = 5.0V + 10% (MIL) MIN. = 4.50V MAX. = 5.50V 

«48 . Typ. . 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Units 









Max. 


ae] we | 










Output Leakage Current ‘i a 
ICEX for IR Output Voc = MIN., Vo = 5.5V 
loL = 4.0mA 
Voc = MIN., 


Vec=MIN., MiL, | =—1.0mMA 
VoH Output HIGH Voltage cc Son be 
VIN = Vin oF Vit COM'L, Igy = —2.6mA 2.4 
L 


Output LOW Voltage loL = 8.0mA 
Vin = VIH or Vit 


loL = 12mA 


Guaranteed input logical HIGH voltage 
Input HIGH Level ie eee ba 2.0 
for all inputs 


Input LOW Level 





Guaranteed input logical LOW voltage 


for all inputs 


Input Clamp Voltage Vec= MIN., lj = —18MA 


Volts 


|_ Volts | 
| 0.1 | 

—0.4 mA 
|__ -0.8 | 
| 40 
[60] ma 
| 20 
| 0 | ma 


Vv 
t 


All Others 


1E, GE, GAR, Sg_2 


Input LOW Current . 


1H 
tL 
| 
So- 
L 
Cc 
Cc 





All Others 
Po | Input HIGH Current Vec = MAX., Vin = 5.5V 


Vv 
Vv 
Vv 
Vour = 05V 
Off-State Output Current Vcc = MAX. 
VoUuT = 2.4V So-2 
Vo-2 








ie) 
i 
20 

Vec = 5.0V, 25°C 

ani 
i Power Supply Current 

Cc pply Voc = MAX. oc 

Is 


/ 250] ma 
7 310 
125°C | 200 
Output Short Circuit Current x 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc¢ = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 





o 
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SWITCHING CHARACTERISTICS AT 25°C AND 5.0 VOLTS 


Note: Guaranteed limits at 25°C and 5.0V are group A, subgroup 9 tests 
All outputs fully loaded. CL = 50pF. Measurements made at 1.5V with 
input levels of OV and 3.0V. All numbers are in ns. 

For interrupt request output, RL = 4702 


TABLE I. CLOCK AND INTERRUPT INPUT PULSE WIDTHS (ns) 


Minimum Clock LOW Time 
Minimum Clock HIGH Time 


Minimum Interrupt Input (P9-P7) LOW 

Time for Guaranteed Acceptance (Pulse Mode) 
Maximum Interrupt Input (Pg-P7) LOW 
Time for Guaranteed Rejection (Pulse Mode) 







TABLE I. COMBINATIONAL PROPAGATION DELAYS (ns) 






TYPICAL GUARANTEED 


Irpt i Group Irpt 
Vo12 Req 2 Advance Vo12 Req 
Send 
Sep 48 
————$= 40 | 40 | - | 48 


ee ne 


Ry = 2.0k2, CL = 15pF 














Group 
Advance 





Ripple 
Disable 























TABLE tll. DELAYS FROM CLOCK TO OUTPUTS (ns) 


TYPICAL GUARANTEED 
Clock Path 
aa i Status 


aa 

ee «2 fe|s | 
Mask Register | 55 | 37 | 39 | 47 | 66 | 
Status Register | 45 | 28 | 31 | 37 Sorts 57 
[Lowest Group Enabled FlipFlop | — | - [22] 25|- | - |] - |— 48 


Irpt Request Enable Flip-Flop | - | | - | 
Status Overflow Flip-Flop | - | 17 - | = | 


TABLE IV. SET-UP AND HOLD TIME REQUIREMENTS (ns) 
(All relative to clock LOW-to-HIGH transition) 


GUARANTEED 


M- Bus 


Po-P a eee 





a 


















































Latch Bypass 


lo12g (See Note) 


GE 
GAR 








Po-P7 Hold Time 
Relative to LB 


: 
N 





Note: tow is the Clock LOW Time. Both Set-up times must be met. 
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SWITCHING CHARACTERISTICS OVER OPERATING VOLTAGE AND TEMPERATURE RANGE 


(Group A, subgroup 10 and 11 tests and limits) 


All outputs fully loaded, CL = 50pF. Measurements made at 1.5V with input 
levels of OV and 3.0V. For Interrupt Request Output, Ry = 47022. 


TABLE V. CLOCK AND INTERRUPT INPUT PULSE WIDTHS (ns) 


Am2914PC, DC, XC Am2914DM, FM, XM 
Ta = 0°C to +70°C, 5V + 5% Tc = —55°C to +125°C, 5V + 10% 


Minimum Clock LOW Time 30 
Minimum Clock HIGH Time 30 . 30 














Minimum Interrupt Input (P9-P7) 
LOW Time for Guaranteed 40 
Acceptance (Pulse Mode) 





Maximum Interrupt Input (Po-P7) 
LOW Time for Guaranteed 
Rejection (Pulse Mode) 


Minimum Clock Period, TE=Hon 
Minimum Clock Period, fE = Lon 
TABLE VI. MAXIMUM COMBINATIONAL PROPAGATION DELAYS (ns) 


Am2914DM, FM, XM 
Tc = —55°C to +125°C, 5V + 10% 





Group 
Advance 








Tot ome Si PP | 


Ru = 2.0kQ, Cy = 15pF 





TABLE VII. MAXIMUM DELAYS FROM CLOCK TO OUTPUTS (ns) 
Am2914PC, DC, XC Am2914DM, FM, XM 
Ta = 0°C to +70°C, 5V + 5% © Tc = —55°C to +125°C, 5V + 10% 
Clock Path 
—— | —— | Stat A a 
atus . 


Irot Latches and Register 
Mask Register 82 
Status Register 























Lowest Group Enabled Flip-Flop 











trpt Request Enable Flip-Flop 











Status Overflow Flip-Flop 


TABLE VIII. SET-UP AND HOLD TIME REQUIREMENTS (ns) 
(All relative to clock LOW-to-HIGH transition) 


Am2914PC, DC, XC Am2914DM, FM, XM 
=7° \) 9 
From Input Ta=0 Cto+70 C,5V+5% Tc = —55°C to +125°C, 5V + 10% 

Hold Time Set-Up Time Hold Time 
ee 
E 

TE 
se (See Note) aa + 33 
ome 



























Pg-P7 Hold Time 
Relative to LB 





Note: tow is the Clock LOW Time. Both Set-up times must be met. 
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A MICROPROGRAMMABLE, BIPOLAR, 
LSI INTERRUPT STRUCTURE USING THE Am2914 





INTRODUCTION 


Advanced Micro Devices’ introduction of the Am2914 Vec- 
tored Priority Interrupt Controller now makes possible the 
structuring of a microprogrammable bipolar LSI interrupt 
system. The design engineer may use the Am2914 to simplify 
his design process, dramatically reduce the system cost, size 
and package count, and increase the speed, capability and 
reliability of his interrupt system. 


The Am2914 is a modular, low cost, standard LSI component 
that may be microprogrammed to meet the requirements of 
specific applications. Today's engineer may utilize the Am2914 
microprogrammability to provide functional flexibility and 
ease of engineering change, while taking advantage of its 
modularity to provide hardware regularity and future expan- 
sion capability. 


THE INTERRUPT CONCEPT 


In any state machine, a requirement exists for the efficient 
synchronization. and response to asynchronous events such as 
power failure, machine malfunctions, control panel service 
requests, external timer signals, supervisory calls, program 
errors, and input/output device service requests. The merit of 
such an “asynchronous event handler’ may be measured in 
terms of response time, system throughput, real time overhead, 
hardware cost and memory space required. 


The simplest approach to asynchronous event handling is the 
poll approach. A status indicator is associated with each 
possible asynchronous event. The processor tests each indicator 
in sequence and, in effect, ‘’asks’’ if service is required. This 
program-driven method is inefficient for a number of reasons. 
Much time is consumed polling when no service is required; 
programs must have frequent test points to poll indicators, 
and since indicators are polled in sequence, considerable time 
may elapse before the processor responds to an event. Thus, 
system throughput is low; real time overhead and response 
time are high, and a large memory space is required. 


The interrupt method is a much more efficient way of 
servicing asynchronous requests. An asynchronous event re- 
quiring service generates an interrupt request signal to the 
processor. When the processor receives the interrupt request, 
it may suspend the program it is currently executing, execute 
an interrupt service routine which services the asynchronous 
request, then resume the execution of the suspended program. 
In this system, the execution of the service routine is 
initiated by an interrupt request; thus, the system is interrupt 
driven and service routines are executed only when service is 
requested. Although hardware cost may be higher in this type 
of system, it is more efficient since system throughput is 
higher, response time is faster, real time overhead is lower and 
less memory space is required. 


INTERRUPT SYSTEM FUNCTIONAL DEFINITION 


A complete and clear functional definition is key to the design 
of a good interrupt system. The following features are useful. 


Multiple Interrupt Request Handling: Since interrupt requests 
are generated from a number of different sources, the interrupt 
system’s ability to handle interrupt requests from several 
sources is important. 


Interrupt Request Prioritization: Since the processor can 
service only one interrupt request at a time, it is important 
that the interrupt system has the ability to prioritize the 
requests and determine which has the highest priority. 


Interrupt Service Routine “Nesting”: This feature allows an 
interrupt service routine for a given priority request to be 
interrupted in turn, but only by a higher priority interrupt 
request. The service routine for the higher priority request is 
executed, then the execution of the interrupted service routine 
is resumed. If there are ‘‘n’”’ interrupt requests, an ‘‘n’’ deep 
“nest” is possible. 


Dynamic Interrupt Enabling/Disabling: The ability to enable/ 
disable all interrupts “‘on the fly’’ under microprogram control 
can be used to prevent interruption of certain processes. 


Dynamic Interrupt Request Masking: The ability to selectively 
inhibit or ‘mask’ individual interrupt requests under micro- 
program control is useful. 


Interrupt Request Vectoring: Many times, a particular inter- 
rupt request requires the execution of a unique interrupt 
service routine. For this reason, the generation of a unique 
binary coded vector for each interrupt request is very helpful. 
This vector can be used as a pointer to the start of a unique 
service routine. 


Interrupt Request Priority Threshold: The ability to establish 
a priority threshold is valuable. In this type of operation, 
only those interrupt requests which have higher priority than a 
specified threshold priority are accepted. The threshold priority 
can be defined by microprogram or can be automatically 
established by hardware at the interrupt currently being 
serviced plus one. This automatic threshold prevents multiple 
interrupts from the same source. Also useful is the ability to 
read the threshold priority under microprogram control. Thus, 
the interrupt request being serviced may be determined by 
the microprogram. 


Interrupt Request Clearing Flexibility: Flexibility in the 
method of clearing interrupt requests allows different modes 
of interrupt system operation. Of particular value are the 
abilities to clear the interrupt currently being serviced, clear 
all interrupts, or clear interrupts via a programmable mask 
register or bus. 


Microprogrammability: Microprogrammability permits the 
construction of a general purpose or “‘universal’’ interrupt 
structure which can be microprogrammed to meet a specific 
application’s requirements. The universality of the structure 
allows standardization of the hardware and amortization of 
the hardware development costs across a much broader user 
base. The end result is a flexible, low cost interrupt structure. 
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Hardware Modularity: Modular interrupt system hardware is 
beneficial in two ways. First, hardware modularity provides 
expansion capability. Additional modules may be added as 
the need to service additional requests arises. Secondly, hard- 
ware modularity provides a structural regularity which simpli- 
fies the system structure and also reduces the number of 
hardware part numbers. 


Fast Interrupt System Response Time: Quick interrupt system 
response provides more efficient system operation. Fast 
response reduces real time overhead and increases overall 
system throughput. 


INTERRUPT SYSTEM IMPLEMENTATION 
USING THE Am2914 


The Am2914 provides all of the foregoing features ona single 
LSI chip. The Am2914 is a high-speed, eight-bit priority 
interrupt unit that is cascadable to handle any number of 
priority interrupt request levels. The Am2914’s high speed is 
ideal for use in Am2900 Family microcomputer designs, but 
it can also be used with the Am9080A MOS microprocessor. 


The Am2914 receives interrupt requests on eight Interrupt 
Input lines (Po-P7). A LOW level is a request. An internal 
latch may be used to catch pulses (HIGH-LOW-HIGH) on 
these lines, or the latch may be bypassed so that the request 
lines drive the D-inputs to the edge-triggered Interrupt Register 
directly. An eight-bit Mask Register is used to mask individual 
interrupts. Considerable flexibility is provided for controiling 
the Mask Register. Requests in the Interrupt Register (Po-P7) 
are ANDed with the corresponding bits in the mask register 
(Mo-M7) and the results are sent to an eight-input priority 
encoder, which produces a three-bit encoded vector represent- 
ing the highest priority input which is not masked. 


An internal Status Register is used to point to the lowest 
priority at which an interrupt will be accepted. The contents 
of the Status Register are compared with the output of the 
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Figure 1. Am2914 Logic Symbol. 
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priority encoder, and an Interrupt Request output will occur 
if the vector is greater than or equal to the contents of the 
Status Register. Whenever a vector is read from the Am2914, 
the Status Register is automatically updated to point to one 
level higher than the vector read. (The Status Register can be 
loaded externally or read out at any time using the S-Bus.) 
Signals are provided for moving: the status upward across 
devices (Group Advance Send and Group Advance Receive) 
and for inhibiting lower priorities from higher order devices 
(Ripple Disable, Parallel Disable, and {nterrupt Disable). A 
Status Overflow output indicates that an interrupt has been 
read at the highest priority. 


The Am2914 is controlled by a four-bit microinstruction field 
Ig-!3. The microinstruction is executed if !E (Instruction 
Enable) is LOW and is ignored if IE is HIGH, allowing the 
four | bits. to be shared with other functions. Sixteen different 
microinstructions are executed. Figure 2 shows the micro- 
instructions and the microinstruction codes. 


MICROINSTRUCTION ioe ala 
DESCRIPTION peut 

MASTER CLEAR 0000 
CLEAR ALL INTERRUPTS 0001 
CLEAR INTERRUPTS FROM M-BUS 0010 
CLEAR INTERRUPTS FROM MASK ug 
REGISTER 

CLEAR INTERRUPT, LAST jai 
VECTOR READ 

READ VECTOR 0101 
READ STATUS REGISTER 0110 
READ MASK REGISTER 0111 
SET MASK REGISTER 1000 
LOAD STATUS REGISTER 1001 
BIT CLEAR MASK REGISTER 1010 
BIT SET MASK REGISTER 1011 
CLEAR MASK REGISTER 1100 
DISABLE INTERRUPT REQUEST 1101 
LOAD MASK REGISTER 1110 
ENABLE INTERRUPT REQUEST 1111 


Figure 2. Am2914 Microinstruction Set. 


In this microinstruction set, the Master Clear microinstruction 
is selected as binary zero so that during a power up sequence, 
the microinstruction register in the microprogram control unit 
of the central processor can be cleared to all zeros. Thus, on 
the next clock cycle, the Am2914 will execute the Master 
Clear function. This includes clearing the Interrupt Latches 
and Register as well as the Mask Register and Status Register. 
The LGE flip-flop of the least significant group is set LOW 
because the Group Advance Receive input is tied LOW. All 
other Group Advance Receive inputsare tied to Group Advance 
Send outputs and these are forced HIGH during this instruc- 
tion. This clear instruction also sets the Interrupt Request 
Enable flip-flop so that a fully interrupt driven system can be 
easily initiated from any interrupt. 
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The Clear All Interrupts microinstruction clears the Interrupt 
Latches and Register. 


The Clear Interrupts from Mask Register microinstruction 
clears those Interrupt Latches and Register bits which have 
corresponding Mask Register bits set equal to one. The M-Bus 
is used by the Am2914 during the execution of this micro- 
instruction and must be floating. 


The Clear Interrupts from M-Bus microinstruction clears those 
Interrupt Latches and Register bits which have corresponding 
M-Bus bits set equal to one. 


The Clear Interrupt, Last Vector Read microinstruction clears 
the Interrupt Latch and Register bit associated with the last 
vector read. 


The Read Vector microinstruction is used to read the vector 
value of the highest priority request causing the interrupt. 
The vector outputs are three-state drivers that are enabled onto 
the VgV41V9 bus during this instruction. This microinstruction 
also automatically loads the value ‘vector plus one’’ into the 
Status Register. In addition, this instruction sets the Vector 
Clear Enable flip-flop and loads the current vector value into 
the Vector Hold Register so that this value can be used by the 
Clear Interrupt, Last Vector Read microinstruction. This 
allows the user to read the vector associated with the interrupt, 
and at some later time clear the Interrupt Latch and Register 
bit associated with the vector read. 


The Load Status Register microinstruction loads S-Bus data 
into the Status Register and also loads the LGE flip-flop from 
the Group Enable input. 
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During the Read Status Register microinstruction, the Status 
Register outputs are enabled onto the Status Bus (Sq-S9). 
The Status Bus is a three-bit, bi-directional, three-state bus. 


The Load Mask Register microinstruction loads data from the 
three-state, bi-directional M-Bus into the Mask Register. 


The Read Mask Register microinstruction enables the Mask 
Register outputs onto the bi-directional, three-state M-Bus. 


The Set Mask Register microinstruction sets all the bits in the 
Mask Register to one. This results in all interrupts being 
inhibited. 


The entire Mask Register is cleared by the Clear Mask Register 
microinstruction. This enables all interrupts subject to the 
Interrupt Enable flip-flop and the Status Register. 


The &it Clear Mask Register microinstruction may be used to 
selectively clear individual Mask Register bits. This micro- 
instruction clears those Mask Register bits which have cor- 
responding M-Bus bits equal to one. Mask Register bits with 
corresponding M-Bus bits equal to zero are not affected. 


The Bit Set Mask Register microinstruction sets those Mask 
Register bits which have corresponding M-Bus bits equal to 
one. Other Mask Register bits are not affected. 


All Interrupt Requests may be disabled by execution of the 
Disable Interrupt Request microinstruction, This microinstruc- 
tion resets an Interrupt Request Enable flip-flop on the chip. 


The Enable Interrupt Request microinstruction sets the Inter- 
rupt Enable flip-flop. Thus, Interrupt Requests are enabled 
subject to the contents of the Mask and Status Registers. 
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' Figure 3. Am2914 Block Diagram. 
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Am2914 BLOCK DIAGRAM DESCRIPTION 


The Am2914 block diagram is shown in Figure 3. The Micro- 
instruction Decode circuitry decodes the Interrupt Micro- 
instructions and generates required control signals for the chip. 


The Interrupt Register holds the Interrupt Inputs and is an 
eight-bit, edge-triggered register which is set on the rising edge 
of the CP Clock signal if the Interrupt Input is LOW. 


The Interrupt latches are set/reset latches. When the Latch 
Bypass signal is LOW, the latches are enabled and act as 
negative pulse catchers on the inputs to the Interrupt Register. 
When the Latch Bypass signal is HIGH, the Interrupt latches 
are transparent. 


The Mask Register holds the eight mask bits associated with 
the eight interrupt levels. The register may be loaded from or 
read to the M-Bus. Also, the entire register or individual mask 
bits may be set or cleared. 


The Interrupt Detect circuitry detects the presence of any 
unmasked Interrupt Input. The eight-input Priority Encoder 
determines the highest priority, non-masked Interrupt Input 
and forms a binary coded interrupt vector. Following a Vector 
Read, the three-bit Vector Hold Register holds the binary 
coded interrupt vector. This stored vector can be used later for 
clearing interrupts. 


The three-bit Status Register holds the status bits and may be 
loaded from or read to the S-Bus. During a Vector Read, the 
Incrementer increments the interrupt vector by one, and the 
result is clocked into the Status Register. Thus, the Status 
Register points to a level one greater than the vector just read. 


The three-bit Comparator compares the Interrupt Vector with 
the contents of the Status Register and indicates if the Inter- 
rupt Vector is greater than or equal to the contents of the 
Status Register. 


The Lowest Group Enabled Flip-Flop is used when a number 
of Am2914’s are cascaded. In a cascaded system, only one 
Lowest Group Enabled Flip-Flop is LOW at a time. It indicates 
the eight interrupt group, which contains the lowest priority 
interrupt level which will be accepted and is used to form the 
higher order status bits. 


The Interrupt Request and Group Enable logic contain various 
gating to generate the Interrupt Request, Parallel Disable, 
Ripple Disable, and Group Advance Send signals. 


The Status Overflow signal is used to disable all interrupts. It 
indicates the highest priority interrupt vector has been read 
and the Status Register has overflowed. 


The Clear Control logic generates the eight individual clear 
signals for the bits in the Interrupt Latches and Register. The 
Vector Clear Enable Flip-Flop indicates if the last vector read 
was from this chip. When it is set it enables the Clear Control 
Logic. 

The CP clock signal is used to clock the Interrupt Register, 
Mask Register, Status Register, Vector Hold Register, and the 
Lowest Group Enabled, Vector Clear Enable and Status Over- 
flow Flip-Flops, all on the clock LOW-to-HIGH transition. 


The Am2914 can be microprogrammed in many different 
ways. Figure 4 shows an example interrupt sequence. The 
Read Vector microinstruction is necessary in order to read the 
interrupt priority level. Since vector plus one is automatically 
loaded into the Status Register when a Read Vector micro- 
instruction is executed, the Status Register possibly will 
overflow and disable all interrupts. For this reason, the Status 
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Figure 4. Example Interrupt Sequence. 


Register must be reloaded periodically. The other Am2914 
microinstructions are optional. 


CASCADING THE Am2914 


A number of input/output signals are provided for cascading 
the Am2914 Vectored Priority Interrupt Encoder. A defini- 
tion of these I/O signals and their required connections 
follows: 


Group Signal (GS) — This signal is the output of the Lowest 
Group Enabled flip-flop and during a Read Status micro- 
instruction is used to generate the high order bits of the Status 
word. 

Group Enable (GE) — This signal is one of the inputs to the 
Lowest Group Enable flip-flop and is used to load the flip-flop 
during the Load Status microinstruction. 
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Group Advance Send (GAS) — During a Read Vector micro- 
instruction, this output signal is LOW when the highest 
priority vector (vector seven) of the group is being read. In a 


cascaded system Group Advance Send must be tied to the STATUS 
Group Advance Receive input of the next higher group in INTERRUPT OVERFLOW INTERRUPT i 


: . REQUEST DISABLE 
order to transfer status information. 
Am2914 
; eee ) RIPPLE 
Group Advance Receive (GAR) — During a Master Clear or DISABLE 


Read Vector microinstruction, this input signal is used with cia aa 


other interna! signals to load the Lowest Group Enabled flip- 
flop. The Group Advance Receive input of the lowest 
priority group must be tied to ground. 


on 2914 
Status Overflow (SV) — This output signal becomes LOW me 


after the highest priority vector (vector seven) of the group 
has been read and indicates the Status Register has overflowed. 
It stays LOW until a Master Clear or Load Status microinstruc- 
tion is executed. The Status Overflow output of the highest 
priority group should be connected to the Interrupt Disable 
input of the same group and serves to disable all interrupts 
until new status is loaded or the system is master cleared. The Am2914 
Status Overflow outputs of lower priority groups should be 
left open (see Figure 7). 


Interrupt Disable (ID) — When LOW, this input signal inhibits 
the Interrupt Request output from the chip and also generates INTERRUPT 


: : REQUEST 
a Ripple Disable. output. SUTeUIT 


Am2914 
Ripple Disable (RD) — This output signal is used only in the 
Ripple Cascade Mode (see below). The Ripple Disable output 
is LOW when the Interrupt Disable input is LOW, the Lowest 
Group Enabled flip-flop is LOW, or an Interrupt Request is 
generated in the group. In the ripple cascade mode, the 
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Figure 6. Interrupt Disable Connections 
Figure 5. Cascade Lines Connection for Single Chip System. for Ripple Cascade Mode. 
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Figure 7. Interrupt Disable Connections for Parallel Cascade Mode. 
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Ripple Disable output is tied to the Interrupt Disable input of 
the next lower priority group (see Figure 6). 


Parallel Disable (PD) — This output is used only in the parallel 
cascade mode (see below). It is HIGH when the Lowest Group 
Enabled flip-flop is LOW or an Interrupt Request is generated 
in the group. It is not affected by the Interrupt Disable input. 


A single Am2914 chip may be used to prioritize and encode 
up to eight interrupt inputs. Figure 5 shows how the above 
cascade lines should be connected in such a single chip system. 


The Group Advance Receive and Group Enable inputs should 
be connected to ground so that the Lowest Group Enabled 
flip-flop is forced LOW during a Master Clear or Load Status 
microinstruction. Status Overflow should be connected to 
Interrupt Disable in order to disable interrupts when vector 
seven is read. The Group Advance Send, Ripple Disable, 
Group Signal and Parallel Disable pins should be left open. 


The Am2914 may be cascaded in either a Ripple Cascade 
Mode or a Parallel Cascade Mode. In the Ripple Cascade Mode, 
the Interrupt Disable signal, which disables lower priority 
interrupts, is allowed to ripple through lower priority groups. 
Figures 6, 9 and 11 show the cascade connections required 
for a ripple cascade 64 input interrupt system. 


Co+x = Go + PoCy 

Chty = G7 + P1Gq + PyPoC, 

Ch+z = Go + PoGj + P5P4Gg + PoP4PoC, 

G = G3 + P3G5 + P3P5G, + P3P5P 4 Go 
= P3P2P1Po 


In the parallel cascade mode, a parallel lookahead scheme is 
employed using the high-speed Am2902 Lookahead Carry 
Generator. Figures 7, 9 and 10 show the cascade connections 
required for a parallel cascade 64-input interrupt system. For 
this application, the Am2902 is used as a lookahead interrupt 
disable generator. A Parallel Disable output from any group 
results in the disabling of all lower priority groups in parallel. 
Figure 8 shows the Am2902 logic diagram and equations. 


In Figures 9 and 10, the Am2913 Priority Interrupt Expander 
is shown forming the high order bits of the vector and status, 
respectively. The Am2913 is an eight-line to three-line priority 
encoder with three-state outputs which are enabled by the 
five output control signals G1, G2, G3, G4, and G5. In Figure 
9, the Am2913 is connected so that its outputs are enabled 
during a Read Vector instruction, and in Figure 10 the 
Am2913 is connected so that its outputs are enabled during a 
Read Status instruction. The Am2913 logic diagram and 
truth table are shown in Figure 11. 


The Am25LS138 three-line to eight-line Decoder also is 
shown in Figure 10. It is used to decode the three high order 
status bits during a Load Status instruction. The Am25LS138 
logic diagram and truth table are shown in Figure 12. 
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Figure 8. Am2902 Carry Look-Ahead Generator Logic Diagram and Equations. 
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Figure 9. Vector Connections for both the Parallel! and Ripple Cascade Modes. 
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Figure 10. Group Signal, Group Enable, Group Advance Send, Group Advance Receive and Status 
Connections for Both the Parallel and Ripple Cascade Modes. 
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Figure 11. Am2913 Priority Interrupt Expander Logic Diagram and Truth Table. 
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‘Figure 12. Am25LS138 3 to 8 Line Decoder Logic Diagram and Truth Table. 
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EXAMPLE INTERRUPT SYSTEMS DESIGNS 
FOR AN Am2900 SYSTEM 


A classical computer architecture is shown in Figure 13. The 
Computer Control Unit controls the internal busses and sub- 
systems of the processor, synchronizes internal and external 


events and grants or denies permission to external systems. 


The data bus is commonly used by all of the subsystems in 
the computer. Information, instructions, address operands, 
data and sometimes control signals are transmitted down the 
data bus under control of a microprogram. The microprogram 
selects the source of the data as well as the destination(s) of 
the data. The Address Bus is typically used to select a word in 
memory for an internal computer function or to select an 
input/output port for an external subsystem or peripheral 
function. The source of the data for the address bus, also 
selected by microprogram commands, may be the program 
counter, the memory address register, a direct memory address 
controller, an interface controller, etc. 


The arithmetic/logic unit (ALU) is that portion of the proc- 
essor that computes. Under control of the microprogram, the 
ALU performs a number of different arithmetic and logic 
functions on data in the working registers or from the data 
bus. The ALU also provides a set of condition codes as a 
result of the current arithmetic or logic operation. The condi- 
tion codes, along with other computer status information, are 
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CONTROL 
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stored in a register for later use by the programmer or 
computer control unit. 


The program counter and the memory address register are the 
two main sources of memory word and 1/O address select data 
on the address bus. The program counter contains the address 
of the next instruction or instruction operand that is to be 
fetched from main memory, and the memory address register 
contains instruction address operands which are necessary to 
fetch the data required for the execution of the current 
instruction. 


A subroutine address stack is provided to allow the return 
address linkage to be handled easily when exiting a sub- 
routine. The address stack is a last-in, first-out stack that is 
controlled by a jump-to-subroutine, PUSH, or a return-from- 
subroutine, POP, instruction from the CCU microinstruction 
word, 


The next microprogram address control (NMAC) circuitry 
controls the generation of microinstruction addresses. Based 
on Microprogram control, interrupt requests, test conditions 
and commands from a control panel or other. processor, the 
NMAC determines the address of the next microinstruction 
to be executed. 


For a more detailed description of the above portions of the 
‘computer, refer to Advanced Micro Devices’ Application Note 
A Microprogrammed 16 Bit Computer by James R.W. Clymer. 
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Figure 13. Generalized Computer Architecture. 
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Figures 14 and 15 show the detailed hardware design of two 
example interrupt control units (ICU’s) for an Am2900 
Computer System. Figure 14 shows an eight interrupt level 
ICU, and Figure 15 shows an ICU which has sixteen levels. 
In both designs, the Am2914 Instruction inputs and Instruction 
Enable input are driven by the Ip.3 field and IE bit, respec- 
tively, of the Microinstruction Register. Note that Am2914 
Instruction inputs are enabled only when the IE bit is LOW. 
Therefore, the Io.3 field of the Microinstruction Register may 
be shared with another functional unit of the computer such 
as the ALU. 


The Latch Bypass input is shown connected to ground so that 
a LOW-going pulse will be detected at any of the Interrupt 
Inputs. The Am2914 clock input is driven by the system 
clock, the same clock used to drive other functionat units of 
the computer. 


In both designs, two Am29751 32-word by 8-bit PROMs with 
three-state outputs are used to map the Am2914 Vector 
outputs into a 16-bit address vector. The PROM outputs are 
connected to the data bus so that when an Am2914 Read 
Vector instruction is executed, the address vector may be 
gated via the data bus to the Program Counter. At the Program 
Counter, the address vector may be used as the starting main 
memory address of a machine instruction interrupt service 
routine. Figure 16 shows the Computer Control Unit for such 
a machine program interrupt system. 


The address vector also may be gated directly to the ‘‘D’’ 
inputs of the Am2911 Microprogram Sequencer, and used as 
the starting PROM address of a microinstruction interrupt 
service routine. Figure 17 shows the Computer Control Unit 
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Am2914 


for such a microprogram interrupt system. Thus, both the 
machine program and microprogram. can be interrupted and 
vectored with these designs. 


In Figures 15 and 16, the Am2914 Status and Mask inputs/ 
outputs are connected to the data bus in a bi-directional 
configuration so that the Status and Mask Registers may be 
loaded from or read to the data bus under Am2914 instruction 
control. The Am2914 Interrupt Request output, which is 
open-collector and may be wire-ORed, provides an input to 
the next microprogram address control circuitry. 


For the eight level ICU of Figure 14, the Status Overflow 
output is connected to the Interrupt Disable input, and the 
Group Advance Receive and Group Enable inputs are con- 
nected to ground, as previously described. 


For the 16 interrupt level ICU of Figure 15, the Parallel 
Disable output of the higher priority group serves as the high 
order vector bit. An Am2913 Priority Interrupt Expander is 
gated by the Am2914 instruction lines so that its output is 
enabled only during a Read Status instruction, and is used to 
encode the high order bit of the status. An inverter suffices to 
decode the high order status bit during a Load Status instruc- 
tion. As described previously for a ripple cascade system, the 
Group Advance Send output is connected to the. Group 
Advance Receive input of the next higher priority group; the 
Ripple Disable output is connected to the Interrupt -Disable 
input of the next lower priority group; the Status Overflow 
output of the highest priority group is connected to the 
Interrupt Disable input of the same group, and the Group 
Advance Receive input of the lowest priority group is con- 
nected to ground. 
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Figure 14. 8 Level Interrupt Control Unit for Am2900 System. 
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Figure 15. 16 Level Interrupt Contro! Unit for Am2900 System. 


DATA BUS 


INSTRUCTION REG 


OUT ADDRESS 


MAPPING MAPPING 
PROM PROM 


CE 
ADDRESS 


STATUS VECTOR 


(RPT 
REQUEST JO 
OUTPUT 


Am2914 


E 
> 
a 
= 
2 
o 


ELECT 
INSTRUCTION SELES 


ADDRESS 


MICROPROGRAM 
MEMORY 


MICROINSTRUCTION 


si REGISTER 





MPR-143 


Figure 16. Computer Control Unit for Machine Program Interrupt System. 
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Figure 17. Computer Control Unit for Microprogram Interrupt System. 


EXAMPLE INTERRUPT SYSTEM DESIGN 
FOR AN Am9080A SYSTEM 


The Am2914 can be used in an Am9080A system also. Figure 
18 shows the detailed hardware design of an eight-level ICU 


for an Am9080A system. The ICU attaches to the Am8228° 


data bus and uses any two I/O port addresses, designated X 
and Y. Three Am8228 control lines, INTA, |/O R and !/O W, 
are used to control the ICU, and the Am8224 ¢9 (TTL) output 
is used as the [CU clock. The ICU provides the INT (interrupt 
request) input to the Am9080A. 











The Am9080A acknowledges an interrupt request with the 
INTA signal which selects the A inputs of the Am25LS09 
Instruction Register. The Am25LS09 is a quad, two-input 
register which is set on the LOW-to-HIGH transition of the 
clock. The A inputs are wired so that an Am2914 Read 


Vector instruction is forced at the Am2914 Instruction Inputs. 





The INTA signal also forces the Am2914 Instruction Enable 
signal LOW and enables the Am25LS241 outputs onto the 
Am8228 data bus. The Am25LS241 is an eight-bit, three- 
state bus driver in a 20-pin package. Figure 19 shows a logic 
diagram of the Am25LS241. Five Am25LS241 inputs are 
wired HIGH so that, along with the Am2914 Vector outputs, 
they force an Am9080A Restart instruction onto the Am8228 
data bus. The Am9080A then uses the vector to branch to an 
interrupt service routine. 


During the interrupt service routine, the Am2914 is driven by 
Am9080A software. Figure 20 shows example AmS080A 
instruction code for Am2914 control and the comments 
describe the operation of the ICU hardware in detail. The 
Am2920 Data Out Register buffers data during operations 
which require the transfer of data from the Am9080A to the 
Am2914, such as the load mask and load status operations. 
The Am2920 contains eight ‘‘D” type flip-flops. Figure 21 
shows the Am2920 logic diagram. 


The Am25LS374 Data In Register buffers data during opera- 
tions which require transfer of data from the Am2914 to the 
Am9080A, such as the read mask and read status operations. 
The Am25LS374 contains eight “D” type flip-flops in a 20- 
pin package. Figure 22 shows the logic diagram for the 
Am25LS374. 


The Am25LS175 “D” type flip-flops are used to synchronize 
incoming and outgoing control signals with the $9 clock’ to 
meet the Am2914 and Am9080A timing requirements. In this 
design, the Latch Bypass input is connected to ground so that 
a negative pulse wil! be detected at any of the interrupt inputs. 
As always when a single Am2914 is used, the Status Overflow 
output is connected to the Interrupt Disable input, and the 
Group Advance Receive and Group Enable inputs are con- 
nected to ground. 
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Figure 18. 8 Level Interrupt Control Unit for Am9080A System. 
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Figure 19. Am25LS241 Octal Bus Driver with 3-State Outputs, 20 Pin Package. 
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Am9080A Am9080A 
MNEMONIC | CODE (HEX) COMMENTS 
ae LOAD IMMEDIATE THE Am2914 MASTER CLEAR 
INSTRUCTION INTO Am9080A ACCUMULATOR 
Am2914 MASTER 
oI per auc HONFEG HENGE A asd PLEAR ORE RATION 
m: 
PORTY ADR | isTRUCTION 
3 LOAD IMMEDIATE THE MASK BIT PATTERN 
MASK PATTERN | INTO THE Am9080A ACCUMULATOR 
D 
T OUTPUT ACCUMULATOR TO ICU DATA OUT REG 
PORT X ADR [ourrur accumuraTon TorcypATAOUT REG | Am2914 LOAD 


3 
03 OUTPUT ACCUMULATOR TO ICU INST REG, 
PORT Y ADR ENABLE INST., & ENABLE DATA OUT REG OUTPUTS 
3 LOAD IMMEDIATE THE Am2914 READ STATUS 
x6 INSTRUCTION INTO AmS9080A ACCUMULATOR 
OUT 03 OUTPUT ACCUMULATOR TO ICU INST REG, Am2914 READ 
PORT Y ADR ENABLE INST., & CLOCK DATA IN REG STATUS OPERATION 
OB ENABLE DATA IN REG ONTO DATA BUS & READ IT 
PORT Y ADR INTO THE AmS080A ACCUMULATOR 


Note: Am2914 instruction bits Ig-l3 must be on data bus bits DBg-DB3, respectively. 
X = Don't Care. 
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INSTRUCTION INTO Am9080A ACCUMULATOR 
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Figure 20. Example Am9080A Instruction Code for Am2914 Control. 
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Figure 21. Am2920 Octal D-Type Flip-Flops with 3-State Outputs. 
Common Clock, Clear, Clock Enable and Output Control, 22 Pin Package. 
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Figure 22. Am25LS374 Octal D-Type Flip-Flops with 3-State Outputs, 20 Pin Package. 
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Am2914 PRIORITY INTERRUPT ENCODER 
DETAILED LOGIC DESCRIPTION 





INTRODUCTION 


A clear understanding of the Am2914 Priority Interrupt 
controller’s operation facilitates its efficient use. With that 
idea in mind, a detailed logic description of the Am2914 is 
presented here. A detailed logic diagram and control signal 
truth table are shown, and significant aspects of the Am2914 
design are described verbally. 
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Figure 1. Interrupt Latches and Register. 
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LOGIC DIAGRAM DESCRIPTION 


The Interrupt Latches and Register are shown in Figure 1. 
The Interrupt latches are set/reset-type latches. When the 
Latch Bypass signal is LOW, the latches are enabled and act as 
negative pulse catchers on the inputs to the Interrupt Register. 
When the Latch Bypass signal is HIGH, the Interrupt latches 
are transparent. The Interrupt Register holds the Interrupt 
Inputs and is an eight-bit, edge-triggered register. It is updated 
on the LOW-to-HIGH transition of the clock pulse (HIGH-to- 
LOW transition of the CP signal) as are all of the flip-flops on 
the chip. 


VECTOR CLEAR 
ENABLE 
FLIP-FLOP 





Figure 2. Vector Hold Register 


When a Read Vector instruction is executed, the binary coded 
vector is loaded into the Vector Hold Register of Figure 2. 
This stored vector can be used later for clearing the interrupt 
associated with the last vector that was read. The Vector Clear 
Enable Flip-Fiop of Figure 2 is set when a Read Vector instruc- 
tion is executed and the PASS ALL signal is HIGH. A HIGH 
PASS ALL signal level indicates that this group is enabled 
and that an interrupt request in this group was detected and 
passed priority. The Vector Hold Register and the Vector 
Clear Enable Flip-Flop are cleared when a Master Clear, Clear 
All Interrupts, or Clear Interrupt Last Vector Read is executed. 
Table 1 shows the generation of the ‘‘N and R’’ control signals 
for each of these operations. 
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Figure 3. Mask Register. 


The Mask Register shown in Figure 3 holds the eight mask bus, or loaded or read to the “M” bus. Table 1 shows the 
bits associated with the eight interrupt levels. The register generation of the “A”, “B”, “C” and “OE-M” control 
may be set or cleared, bit set or bit cleared from the “M” signals for each of these operations. 
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Figure 4. Interrupt Request Detect and Priority Decoder. 


The Interrupt Request Detect and Priority Encode circuitry eight-input Priority Encoder determines the highest priority, 
are shown in Figure 4. The Interrupt Detect circuitry non-masked Interrupt Input and forms a binary coded 
detects the presence of any unmasked Interrupt Input. The interrupt vector, Vo-V2. 
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Figure 5. Clear Control. 


The Clear Control logic of Figure 5 generates the eight corresponding mask bus bits equal to one, or the interrupt 
individual clear signals for the eight Interrupt Register bits. associated with the last vector read may be cleared. Table 1 
Under microinstruction control, all interrupts, interrupts shows the generation of the “J’’ and “KK” control signals 
with corresponding mask register bits set, interrupts with for each of these. operations. 
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Figure 6. Three-Bit comparator. 


The three-bit Comparator of Figure 6 compares the inter- 
rupt vector with the contents of the Status Register. A 
LOW signal level at the PASS PRIORITY output indicates 
that the interrupt vector is greater than or equal to the con- 
tents of the Status Register. 
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Figure 7. Group Enable Logic. 


The Lowest Group Enabled Flip-Flop, Figure.7, is used when 
a number of Am2914's are cascaded. In a cascaded system, 
only one Lowest Group Enabled Flip-Flop is LOW at a time. 
It indicates the group which contains the lowest priority inter- 
rupt which will be accepted and is used to form the high order 
status bits. When a Load Status instruction is executed, the 
flip-flop is loaded from the GROUP ENABLE input. When a 





Am2914 


Master Clear instruction is executed, it is loaded from the 
GROUP ADVANCE RECEIVE input. The flip-flop is set 
HIGH when a Read Vector instruction is executed if a Group 
Advance is not received and no interrupt in this group is 
detected, if a Group Advance is sent from this group, or if 
interrupts from this group are disabled. For all other instruc- 
tions, the flip-flop remains the same. Table 1 shows the 
generation of the “N”, ““L” and “M” control signals for these 
operations. 


The Status Register holds the status bits and may be loaded 
from or read to the “S” bus as shown in Figure 8. Note that 
when a Load Status instruction is executed, status from the 
“S"' bus is loaded into the Status Register only if the GROUP 
ENABLE input is LOW; if the GROUP ENABLE input is 
HIGH, the Status Register is cleared. Also note that during 
a Read Status instruction, the Status Register outputs are 
enabled onto the “S”’ bus only if the Lowest Group Enabled 
Flip-Flop of this group is LOW. When a Read Vector instruc- 
tion is executed, the incrementer increases the vector by one 
and the result is loaded into the Status Register. Thus, the 
Status Register always points to the lowest level at which an 
interrupt will be accepted. Table 1 shows the generation of 
the “F’, “G" and “OE-S” control signals for Status Register 
operations. 








The Interrupt Request Logic, shown in Figure 9, generates the 
RIPPLE DISABLE, PARALLEL DISABLE, INTERRUPT 
REQUEST, GROUP ADVANCE SEND, and STATUS OVER- 
FLOW output signals. The PARALLEL DISABLE signal is 
generated when the Lowest Group Enabled signal is LOW or 
an interrupt request in this group is detected and passes 
priority. The RIPPLE DISABLE signal is generated when the 
PARALLEL DISABLE signal is generated and also when the 
INTERRUPT DISABLE input signal is LOW. The INTERRUPT 
REQUEST output signal is generated when interrupt requests 
in this group are enabled and a request is detected and passes 
priority. The GROUP ADVANCE SEND output signal is 
generated when a vector of value seven is being read. The 
Status Overflow Flip-Flop is set LOW when a vector of value 
seven is read and indicates the Status Register has overflowed. 
The Interrupt Request Enable Flip-Flop is either set or reset 
by the Enable Request or Disable Request microinstructions 
respectively, and is used to enable or disable the INTERRUPT 
REQUEST output. Table 1 shows the generation of control 
signals “D", “E’’, “S" and “HH”. 


Note that the vector outputs are enabled only when a Read 
Vector is being executed. Also note that when a Read Vector 
instruction is executed, the vector outputs will be disabled 
after the execution of the instruction since the Status Register 
is loaded with V+1, and the INTERRUPT REQUEST will no 
longer be generated. 


The Microinstruction Decode circuitry, Figure 10, decodes 
the Am2914 microinstructions and generates the required 
internal control signals. Table 1 shows the truth table for 
these functions and Figure 11 shows the function tables. 
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Table 1. Am2914 Control Signal Truth Table. 
0 = LOW, 1=HIGH 
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‘Notes: 1. Control line “F’’ during “READ VECTOR” instruction is O when “PASS ALL” is LOW and 1 when “PASS ALL” is HIGH. 


2. Control line “K” during ‘‘Clear Intr, Last Vector’ Instruction is 0 when ‘Vector Clear Enable” is LOW and 1 when “Vector Clear Enable’’ 
is HIGH, 
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Figure 8. Incrementer and Status Register. 
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Figure 9. Interrupt Request Logic. 
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Figure 10. Figure 11. Control Function Tables. 
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Am2915A 


Quad Three-State Bus Transceiver With Interface Logic 





Distinctive Characteristics 


Quad high-speed LSI bus-transceiver 
Three-state bus driver 

Two-port input to D-type register on driver 

Bus driver output can sink 48mA at 0.5V max. 
Receiver has output latch for pipeline operation 


FUNCTIONAL DESCRIPTION 


The Am2915A is a high-performance, low-power Schottky bus 
transceiver intended for bipolar or MOS microprocessor system 
applications. The device consists of four D-type edge-triggered 
flip-flops with a built-in two-input multiplexer on each. The 
flip-flop outputs are connected to four three-state bus drivers. 
Each bus driver is internally connected to the input of a 
receiver. The four receiver outputs drive four D-type latches 
that feature three-state outputs. 


-This LSI bus transceiver is fabricated using advanced low- 


power Schottky processing. All inputs (except the BUS inputs) 
are one LS unit load. The three-state bus output can sink up 
to 48mA at 0.5V maximum. The bus enable input (BE) is 
used to force the driver outputs to the high-impedance state. 
When BE is HIGH, the driver is disabled. The Voy and Vo, of 
the bus driver are selected for compatibility with standard and 
Low-Power Schottky inputs. 


The input register consists of four D-type flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls the 


‘four multiplexers. When S is LOW, the Aj data is stored in the 


register and when Sis HIGH, the Bj data is stored. The buffered 


- common clock (DRCP) enters the data into this driver register 


on the LOW-to-HIGH transition. 


Data from the A or B inputs:is inverted at the BUS output. 


Likewise, data at the BUS input is inverted at the receiver out- 
put. Thus, data is non-inverted from driver input to receiver 
output. The four receivers each feature a built-in D-type latch 
that_is controlled from_the buffered receiver latch enable 
(RLE) input. When the RLE input ‘is LOW, the latch is open 
and the receiver outputs will follow the bus inputs (BUS data 
inverted and OE LOW). When the RLE input is HIGH, the 
latch will close and retain the present data regardless of the 
bus input. The four latches have three-state outputs and are 
controlled by_a buffered common three-state control (OE) 
input. When OE is HIGH, the receiver outputs are in the high- 
impedance state. 
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@ Three-state receiver outputs sink 12mMA 

@ Advanced low-power Schottky processing 

@ 100% reliability assurance testing in compliance with 
MIL-STD-883 

@® 3.5V minimum output high voltage for direct inter- 
face to MOS microprocessors 


LOGIC SYMBOL 


Ay By Ag Bo 


Am2915A 


BUS; BUS, 


Vcec= Pin 24 
GND, =Pin6 
GND» = Pin 18 


CONNECTION DIAGRAM 
Top View 


Am2915A 


Note: Pin 1 is marked for orientation. 





Am2915A 


LOGIC DIAGRAM 


BUSy BUS, BUS, BUS, 
O O O O 


SELECT 


DRIVER 
CLOCK DRCP © 


BUS RECEIVER 
ENABLE BEO ¢ }o——o RLE LATCH 
ENABLE 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 














Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vcoq max, 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs (Except Bus) 30mMA 
DC Output Current, Into Bus 100mA 
DC Input Current —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2915AXC (COM’L) Ta =0°Cto+70°C VecMIN. =4.75V VocMAX. = 5.25V 

Am2915AXM (MIL) Ta =—55°C to+125°C =9VccMIN.=4.50V VecMAX. = 5.50V 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description Test Conditions (Note 1) Min. Typ. Max. Units 


lot = 24mA 
VOL Bus Output LOW Voltage Vec = MIN. 
lo. =48mA 
COM'L, IQH = —20mA 
VOH Bus Output HIGH Voltage Vec = MIN. 
MIL, IoH = —15mMA 


Vo = 0.4V 
Bus Leakage Current Vec = MAX. 


Vo = 2.4V 
(High Impedance) Bus enable = 2.4V 
Vo =4.5V 


Bus Leakage Current Vo =4.5V 
(Power OFF} Vec = OV 


Receiver Input HIGH Threshold Bus enable = 2.4V 


; COM'L 
Receiver Input LOW Threshold Bus enable = 2.4V 
MIL 
ane sh arr Vec = MAX. 
us Output Short Circuit Current Vo = OV 
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Am2915A 
ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2915AXC (COM'L) T, =0°C to +70°C VecMIN. = 4.75V VcecMAX. = 5.25V 

Am2915AXM (MIL) Ta =—-55°Cto+125°C } =VocMIN.=4.50V VcecMAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE Typ: 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vec = MIN. MIL: loy = —1.0mMA - 
Receiver Vin=Viy or V COM'L: | = —26mA 24 
Output HIGH Voltage a ati adie : 
Vcc = 5.0V, IoH = —100nA ; 
lo, =4.0mA 


Output LOW Voltage 
Vv ! 8.0mA 
gE (Except Bus) Vin = Vicor Vin ot a 


lo, = 12mA 
Input HIGH Level Guaranteed input logical HIGH 
(Except Bus) for all inputs 
Input LOW Level Guaranteed input logical LOW | MIL 
(Except Bus) for all inputs COM'L 


Input Clamp Voltage (Except Bus) Vec = MIN., lin = —18MA 


Ww nN 
oa > 


Input HIGH Current (Except Bus) Vec = MAX., Vin = 7.0V 


Output Short Circuit Current Vcc = MAX. 30 
(Except Bus) 


Power Supply Current Vcc = MAX 


Off-State Output Current 
Vcc = MAX. 
ee | (Receiver Outputs) cc 


Input HIGH Current (Except Bus) Vec = MAX., Vin =2.7V 


Vin 
Vie 
VI 
Ne 
"IH 
Isc 
loc 


BE, RLE 
Input LOW Current (Except Bus) Voc = MAX., Vin = 0.4V 
Alf other inputs 





SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Am2915AXM 


Typ. 
Min. (Note 2) Max. 


















Am2915AXC 


Typ. 


Parameters Description Test Conditions Min. (Note 2) Max. 


tPHL 
pre | Driver Clock (DRCP) to Bus 
tZ2H. t2L me 
Bus Enable (BE) to Bus 
tHz, tLz 
Data Inputs (A or B) 
=— Select Input (S) 
tpw Driver Clock (DRCP) Pulse Width 
(HIGH) 


Bus to Receiver Output 
(Latch Enable) 


Latch Enable to Receiver Output 


Bus to Latch Enable (RLE) 


Output Control to Receiver Output 
CL=5pF, Bi 20k 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum toading. 



















N 


wlow|]+|s 
nN iN wl] wlw lo r) 
a|H O/8/S16 a 


CL (BUS) = 50pF 


R,_ (BUS) = 1302 2 


oO 







© 






N N 
o 


—_ 
~~ 
rs ae es wlo}= 


3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Am2915A 


INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


ORIVEN INPUT DRIVING OUTPUT 


Ge 


O OUTPUT, ODD 


i 


V4 
ZN 
V4 


Note: Actual current flow direction shown. 


SWITCHING TEST CIRCUIT 


INPUT A 


R 
Am2915A OR 
INPUT B 


*C_ = 15pF for tpLy, tpHL,- 
tZL. tZH 
Cy = SpF for tyz, tLz 


DRIVER 
CLOCK 


BUS 
OUTPUT 


RECEIVER 
OUTPUT 


Note: Bus to Receiver output delay is measured by clocking data into the driver register 
and measuring the BUS to R combinatorial delay. 
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Am2915A 


FUNCTIONAL TABLE 


| _inrors | Foevice | 8us | ourrur| 
[ei ]once] Be |ACE|oE| 0; | oj [BUS] Ri 
Dx Lx | 2 [x | Smeronpuraiabie | 
EEC eeEs 
L 
H 
x 


Hake iG x L 
H]JL IL x H 


| x | x[H] x] x [ne 
L 


x |X] xX 
xX |x] xX 
xX {X11 xX L 
xX |X |X H 


Z = HIGH Impedance 
NC = No change 





> + > olx|x xI]x 





Sear pepe 


FUNCTION 


Np xX 


Receiver output disable 


- x 


x 


Latch received data 
x 


H x 


Load driver register 


x x|xX KK XK 








Drive Bus 


x x 


X = Don't care 1(=0,1,2,3 


¢ = LOW to HIGH transition 


DEFINITION OF FUNCTIONAL TERMS 


Ao, Ay, A2, A3 


Bo, By, Bz, B3 


The “‘A” word data input into the two 
input multiplexer of the driver register. 


The 
input multiplexers of the driver register. 


Select. When the select input is LOW, the 
A data word is applied to the driver reg- 
ister. When the select input is HIGH, the 
B word is applied to the driver register. 


Driver Clock Pulse. Clock pulse for the 
driver register. 


Bus Enable. When the Bus Enable is HIGH, 
the four drivers are in the high impedance 
State. 


Driver output disable and 
receive data via Bus input 


No driver clock restrictions 


“"B’’ word data input into the two . 


Metallization and Pad Layout 


BUS, BUS, 
BUS», BUS3 
Ro, R1, R2, R3 


LE 


ORDERING INFORMATION 
Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Package Type 
(Note 1) 


P-24 
D-24 
D-24 
D-24 
D-24 
F-24 
F-24 
Dice 
Dice 


Order Number 


AM2915APC 
AM2915ADC 
AM2915ADC-B 
AM2915ADM 
AM2915ADM-B 
AM2915AFM 
AM2915AFM-B 


AM2915AXC 
AM2915AXM 


Temperature Range 
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(Note 2) 


ZO 2222000 





DIE SIZE 074” X .130” 


The four driver outputs and receiver in- 
puts (data is inverted). 


The four receiver outputs. Data from the 
bus is inverted while data from the A or B 
inputs is non-inverted. 


Receiver Latch Enable. When RLE is 
LOW, data on the BUS inputs is passed 
through the teceiver latches. When RLE 
is HIGH, the receiver latches are closed 
and will retain the data independent of 
all other inputs. 


Output Enable. When the OE input is 
HIGH, the four three state receiver out- 
puts are in the high-impedance state. 


Screening Level 
(Note 3) 


C-1 

C-1 

B-1 

C-3 

B-3 

C-3 

B-3 
Visual inspection 
to MIL-STD-883 
Method 2010B. 


| 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 

2. C = 0°C to +70°C, M = —55°C to +125°C. 

3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 

Class B. 





Am2915A 


APPLICATIONS 


A CONTROL B 
CONTROL 
ALU SCRATCHPAD MASTER 


CONTROL 


ADDRESS 
AND 
DATA DISPLAY 


REMOTE 
OPERATION 


B CONTROL B CONTROL B CONTROL 


Am2915A Am2915A Am2915A 


ADDRESS CONTROL 
BUS BUS 


The Am2915A is a universal Bus Transceiver useful for many system data, address, control and 
timing input/output interfaces. 



















1/0 DEVICES 


TT 


ADDRESS 


MEMORY 


Am2915A Am2915A 





D A 


Le 






Am8T26 






Am8T26 Am8T26 


Using the Am2915A and Am8T26 in a terminated Bus system for the Am9080 MOS Microprocessor. 
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MPR-166 


Am2916A 


Quad Three-State Bus Transceiver With Interface Logic 





Distinctive Characteristics 


Quad high-speed LSI bus-transceiver 
Three-state bus driver 

Two-port input to D-type register on driver 

Bus driver output can sink 48mA at 0.5V max. 
Internal odd 4-bit parity checker/generator 
Receiver has output latch for pipeline operation 


FUNCTIONAL DESCRIPTION 


The Am2916A is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microprocessor 
system applications. The device consists of four D-type edge- 
triggered flip-flops with a built-in two-input multiplexer on 
each. The flip-flop outputs are connected to four three-state 
bus drivers. Each bus driver is internally connected to the 
input of areceiver. The four receiver outputs drive four D-type 
latches. The device also contains a four-bit odd parity checker/ 
generator. 


The LSI bus transceiver is fabricated using advanced low-power 
Schottky processing. All inputs (except the BUS inputs) 
are one LS unit load. The three-state bus output can sink 
up to 48mA at 0.5V maximum. The bus enable input (BE) is 
used to force the driver outputs to the high-impedance state. 
When BE is HIGH, the driver is disabled. 


The input register consists of four D-type flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls 
the four multiplexers. When S is LOW, the Aj data is stored 
in the register and when S is HIGH, the Bj data is stored. The 
buffered common clock (DRCP) enters the data into this 
driver register on the LOW-to-HIGH transition. 


Data from the A or B input is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver out- 
put. Thus, data in non-inverted from driver input to receiver 
output. The four receivers each feature a built-in D-type latch 
that_is controlled from the buffered receiver latch enable 
(RLE) input. When the RLE input is LOW, the latch is open 
and the receiver outputs will follow the bus inputs (BUS data 
inverted). When the RLE input is HIGH, the latch will close 
and retain the present data regardless of the bus input. 


The Am2916A features a built-in four-bit odd parity checker/ 
generator. The bus enable input (BE) controls whether the 
parity output is in the generate or check mode. When the bus 
enable is LOW (driver enabled), odd parity is generated based 
on the A or B field data input to the driver register. When BE 
is HIGH, the parity output is determined by the four latch 
outputs of the receiver. Thus, if the driver is enabled, parity is 
generated and if the driver is in the high-impedance state, the 
BUS parity is checked. 
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@ Receiver outputs sink 12mA 

@ Advanced low-power Schottky processing 

® 100% reliability assurance testing in compliance with 
MIL-STD-883 

@ 3.5V minimum output high voltage for direct inter- 
face to MOS microprocessors 


LOGIC SYMBOL 


Am2916A 


BUSg BUS, — BUS" 


Vcc = Pin 24 
GND, = Pin6 
GNDpo = Pin 18 


CONNECTION DIAGRAM 
Top View 


Am2916A 


Note: Pin 1 is marked for orientation. 





Am2916A 


LOGIC DIAGRAM 


BUSg BUS; BUS BUS3 























Ag © 
Bg 0 
A, 0 
B, 0° 
A2 O 
By O 
A3 O 
B3 O 
5 ODD 
PARITY 
SELECT § oO 
DRIVER once o 
ENABLE BE oO off — RLE PATCH ENABLE 
MPR-169 
MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential —-0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Voq max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs (Except Bus) 30mA 
DC Output Current, Into Bus 100mA 
DC Input Current —30mA to +5.0mA 
ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 
Am2916AXC (COM‘L) Tp, =0°C to +70°C VecMIN. =4.75V VccMAX. = 5.25V 
Am2916AXM (MIL) Ta =—55°C to+125°C = VcgMIN.=4.50V. VecMAX. = 5.50V 
BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Parameters Description Test Conditions (Note 1) Min. Typ. Max. Units 


Vo 


L Bus Output LOW Voltage Voc = MIN. 
VoH Bus Output HIGH Voltage Vec = MIN. 


Bus Leakage Current 
(High Impedance) 


Bus Leakage Current 
(Power OFF) 


ViH Receiver Input HIGH Threshold Bus enable = 2.4V 
IL 


Receiver Input LOW T hreshold Bus enable = 
I B oO p t Short Circuit Curren ¥ 
us utpu 
sc oe Vo =0V 


Vv 
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Am2916A 
ELECTRICAL CHARACTERISTICS 


The following conditions apply unless otherwise noted: 


Am2916AXC (COM‘L) Ta =0°C to+70°C VecMIN. =4.75V VocMAX. = 5.25V 

Am2916A XM (MIL) Ta =—55°C to+125°C } =9VecMIN.=4.50V. VcecMAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 









2.4 
Receiver 


Output HIGH Voltage 








Vec = MIN. MIL: Igy =—1.0mA 
Vin = Vic or Ving COM'L: Io = —2.6mA 
Vcc = 5.0V, lon = —100uA 3.5 


- Parity Vec = MIN., Ioy = —660nA 
OH Output HIGH Voltage Vin = VIH or Vit COM'L 27 


b Al A 


= 


3 
> 


w 
hb 






Output LOW Voltage Vcc = MIN. ~ 

Vv | =8.0mA 

Ob (Except Bus) Vin = Vic or Vin OL m 0.32 Volts 
lop =12mA 0.37 


Input HIGH Level Guaranteed input logical HIGH 
(Except Bus) for all inputs 










ViH 


— 
oe 





Input HIGH Current (Except Bus) Vcc = MAX., Vin = 2.7V 


Input HIGH Current (Except Bus) Vec = MAX., Vin = 7.0V 


c Output Short Circuit Current Vcc = MAX. RECEIVER 
(Except Bus) PARITY 


Power Supply Current Vec = MAX.,, All Inputs = GND 


3 


° 
3 
> 


IL Input LOW Level Guaranteed input logical LOW 
(Except Bus) for all inputs COM’L 
Input Clamp Voltage (Except Bus) ; Vec = MIN., yyy = —18MA —1.2 
BE, RLE —0.72 
L Input LOW Current (Except Bus) Vcc = MAX., Vin =0.4V 


V 
Vv 
uF 
ty 
Is 
Ic 


“N 
a 





SWITCHING CHARACTERISTICS OVER 
OPERATING TEMPERATURE RANGE 


Am2916AXM Am2916AXC 


Typ. : Typ. 
(Note 2) Min. (Note2) Max. 













Parameters Description Test Conditions Min. Max. 


CL (BUS) = 50pF 
Driver Clock (DREP) to Bus R,_ (BUS) =1302 


a 
a 
| tpw 


Clock Pulse Width (H!GH) 
Bus to Receiver Output 
(Latch Enabled) 
tPLH 
ptPLH Latch Enable to Receiver Output 
+ Bus to Latch Enable (RLE) 
Aor B Data to Odd Parity Output 
(Driver Enabled) 
Bus to Odd Parity Output 
(Driver Inhibited, Latch Enabled) 


Latch Enable (RLE) to 
Odd Parity Output 


Notes: 1, For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test shoul not exceed one second. 





Ww 
w 


nN 
= 
w 
o 
Ww 
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N 


nN 
ao 


nN 


= 
~ 


Ww 
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N 


pe 
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th 
tpw 
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w& 
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= 
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Ww 

NO 
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Am2916A 


INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


DRIVEN INPUT DRIVING OUTPUT 


Ze 


O OUTPUT, ODD 


lo. 


ZN 


V4 
4 


Note: Actual current flow direction shown. 
MPR-170 


SWITCHING TEST CIRCUIT 


INPUT A 


R 
Am2916A OR 
INPUT B 


*C_ = 15pF for tpLH, tPHL, 
tZ2L.tZH : 
Ci = 5pF for tyz, tLz 


MPR-171 


SWITCHING WAVEFORMS 


DRIVER 
CLOCK 


Pi 
A INPUT 


= - 


—— 'PLH ee i 
RECEIVER 


OUTPUT 


BUS 
OUTPUT 


Note: Bus to Receiver output delay is measured by clocking data into the driver register 
and measuring the BUS to R combinatorial delay. 
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Am2916A 


FUNCTION TABLE Metallization and Pad Layout 


INPUTS 


once] ae REEL] 0; | 0; [BU] wi _ 
Zz 


FUNCTION 


Driver output disable 


xp x [x] xa [2 | Recsiver ouput cable 


Driver output disable and 


H 
L receive data via Bus input 
xX 


Latch received data 


Load driver register 


x x No driver clock restrictions 
x xX x 
x L x H x . 
Drive Bus 
x H Xx L x 


H=HIGH Z=HIGHImpedance xX = Don'tcare i=0,1,2,3 
L=LOW NC = Nochange t = LOW to HIGH transition 





exe xe ee = eel = 
xfer fel | 


DIE SIZE .074” X .130” 


DEFINITION OF FUNCTIONAL TERMS 


Ao. A1,A2,A3 The “A” word data input into the two BUSp, BUS, The four driver outputs and receiver in- 
input multiplexer of the driver register. BUS», BUS3 puts (data is inverted). 


Bo, B;,B2,B3 The “B’’ word data input into the two Ro, R1, R2, R3 ~The four receiver outputs. Data from the 
input multiplexers of the driver register. bus is inverted while data from the A or B 


. . inputs is non-inverted. 
Select. When the select input is LOW, the = ? 


A data word is applied to the driver reg- LE Receiver Latch Enable. When RLE is 
ister. When the select input is HIGH, the LOW, data on the BUS inputs is passed 
B word is applied to the driver register. through the receiver latches. When RLE 

is HIGH, the receiver latches are closed 
Driver Clock Pulse. Clock pulse for the and will retain the data independent of 
driver register. all other inputs. 


Bus Enable. When the Bus Enable is HIGH, OE Output Enable. When the OE input is 
the four drivers are in the high impedance HIGH, the four three state receiver out- 
state. puts are in the high-impedance state. 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Package Type Temperature Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 


AM2916APC P-24 C-1 
AM2916ADC D-24 C-1 
AM2916ADC-B D-24 B-1 
AM2916ADM D-24 C-3 
AM2916ADM-B D-24 B-3 
AM2916AFM F-24 C-3 
AM2916AFM-B F-24 B-3 


AM2916AXC Dice Visual inspection 


=O 2222000 


: to MIL-STD-883 
MET IGAKM Pie Method 20108. 
Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = 0°C to +70°C, M = —55°C to +125°C. . 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 
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Am2916A 


APPLICATIONS 


SELECT 


CLOCK 


Am2916A Am2916A Am2916A 


BUS BUS PARITY 
ENABLE 


LATCH 
ENABLE 


ODD/EVEN 
CONTROL 
L=EVEN 


H=ODD 
Py Pg Pz Py Pe Pg P7 Pg Pg 


Am82S62 


EVEN 


CHECK 
PARITY OUTPUT 


Generating or checking parity for 16 data bits. 


(/O DEVICES MEMORY 


| anaes | Am2916A } anasien| 6A Am8T26 Am2916A } ance | 16A | aneras_ | 
| anes | } avers | BITITIT r | 


ADDRESS 


| ee | eee 


Using the Am2916A and Am8T26 in a terminated Bus system for the Am9080 MOS Microprocessor. 





2-147 


Am2917A 


Quad Three-State Bus Transceiver With Interface Logic 





Distinctive Characteristics 


@ Quad high-speed LSI bus-transceiver @ Three-state receiver outputs sink 12mA 

@ Three-state bus driver @ Advanced low-power Schottky processing 

@ D-type register on driver e@ 100% reliability assurance testing in compliance with 
@ Bus driver output can sink 48mA at 0.5V max. MIL-STD-883 

@ Internal odd 4-bit parity checker/generator @ 3.5V minimum output high voltage for direct inter- 
@ Receiver has output latch for pipeline operation face to MOS microprocessors 







































FUNCTIONAL DESCRIPTION LOGIC SYMBOL 





The Am2917A is a high-performance, Icw-power Schottky bus 
transceiver intended for bipolar or MOS microprocessor system 
applications. The device consists of four D-type edge-triggered 
flip-flops. The flip-flop outputs are connected to four three- 
state bus drivers. Each bus driver is internally connected to the 
input of areceiver. The four receiver outputs drive four D-type 
latches, that feature three-state outputs. The device also con- 
tains a four-bit odd parity checker/generator. 


The LSI bus transceiver is fabricated using advanced low- 
power Schottky processing. All inputs (except the BUS inputs) 
are one LS unit load. The three-state bus output can sink up to 
48mA at 0.5V maximum. The bus enable input (BE) is used to 
force the driver outputs to the high-impedance state. When BE 
is HIGH, the driver is disabled. 





Am2917A 





The input register consists of four D-type flip-flops with a 
buffered common clock. The buffered common clock (DRCP) 
enters the Aj data into this driver register on the LOW-to- 
HIGH transition. 


Data from the A input is inverted at the BUS output. Like- 
wise, data at the BUS input is inverted at the receiver output. 
Thus, data is non-inverted from driver input to receiver output. 
The four receivers each feature a built-in D-type latch that is 
controlled from the buffered receiver latch enable (RLE) 
input. When the RLE input is LOW, the latch is open and the 
receiver outputs will follow the bus inputs (BUS data inverted 
and OE LOW). When the RLE input is HIGH, the latch will 
close and retain the present data regardless of the bus input. 
The four latches have three-state outputs and are controlled 
by a buffered common three-state control (OE) input. When 
OE is HIGH, the receiver outputs are in the high-impedance 
state. 


The Am2917A features a built-in four-bit odd parity checker/ 
generator. The bus enable input (BE) controls whether the 
parity output is in the generate or check mode. When the bus 
enable is LOW (driver enabled), odd parity is generated based 
on the A field data input to the driver register. When BE is 
HIGH, the parity output is determined by the four latch out- 
puts of the receiver. Thus, if the driver is enabled, parity is 
generated and if the driver is in the high-impedance state, the 
BUS parity is checked. 









Vec = Pin 20 
GND, =Pin5 
GND» = Pin 15 






CONNECTION DIAGRAM 
Top View 













Am2917A 





Note: Pin 1 is marked for orientation, 
MPR-176 
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LOGIC DIAGRAM 


BUS, BUS, BUS) BUS, 
O 











Am2917A 


== OUTPUT 
Q--0 OF controt 





eet ee pe a ae ce ae 
He | 
mete : - C ‘ |G y 
O |) 
rf i =e 
A ) > O PARITY 
lise = 28 oT I 
eins 8 LS 
DRE onc ae 
RECEIVER 
BUS BEO A> o<}—aTE LATCH 


ENABLE 


MAXIMUM RATINGS (Above which the useful life may be impaired) 
Storage Temperature 


ENABLE 
MPR-177 


-65°C to +150°C 
-~55°C to +125°C 


Temperature (Ambient) Under Bias 


Supply Voitage to Ground Potential 


-0.5 V to+7 V 


DC Voltage Applied to Outputs for HIGH Output State 





-0.5 V to +Vcc max. 





DC Input Voltage 








-0.5 V to +5.5 V 





DC Output Current, [nto Outputs (Except BUS) 


30 mA 








DC Output Current, Into Bus 





100 mA 





DC Input Current 


-30 mA to +5.0 mA 


ELECTRICAL CHARACTERISTICS 


The following conditions apply untess otherwise noted: 


Am2917AXC (COM'L) Tp, =0°C to+70°C 
Am2917AXM (MIL) Ta = —55°C to +125°C 


VecMIN. =4.75V 
Vcc MIN, = 4.50V 


Vcc MAX. = 5.25V 
VecMAX. = 5.50V 


BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Parameters Description 


VoL Bus Output LOW Voltage Vec = MIN, 


Test Conditions (Note 1) 


lol = 24mA 
lot =48mA 


Typ. 


COM'L, Io = —20mA 


Von Bus Output HIGH Voltage Voec = MIN. 


Bus Leakage Current 
(High Impedance) 


Bus enable = 2.4V 
Bus enable = 2.4V 


Voc = MAX. 
Vo =0V 
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COM’L 





Am2917A 
ELECTRICAL CHARACTERISTICS 


The following conditions apply ‘unless otherwise noted: 


Am2917AXC (COM‘L) Ta, =0°C to +70°C VecMIN. =4.75V  VecMAX. = 5.25V 

Am2917AXM (MIL) Ta =—55°C to+125°C }=9VgcMIN.=4.50V  VcecMAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE Typ. 

Parameters Description Test Conditions (Note 1) M (Note 2) Max. Units 


w& 
£ 


naa Vcc = MIN. MIL:IoH=—1.0mA | 2.4 | 

eceiver i ae 

Guibas dIGer Olan Vin = Vit or Vin COM'L: Igy = —2.6mA 
Voc = 5.0V, IoH = —100nA | 35 | 


Yeu Parity Vec = MIN., loy = —660nA MIL 
Output HIGH Voltage VIN = Vin or VIL COM'L | 27 | 


lol =4.0mA 


Ww 
ao 


wW 
eS 


nN 
oa 


[e%) 
tb 


N) 
~ 


a 
oS 


0.27 
0.32 
0.37 


Output LOW Voltage Vcc = MIN. 


VoL lol =8.0mA 


(Except Bus) VIN = Vit of ViH 





lot =12mA 


Input HIGH Level Guaranteed input logical H1GH 

(Except Bus) for all inputs 
Input LOW Level Guaranteed input logical LOW {| MIL f 
(Except Bus) for all inputs COM'L peta Sec] 


~“N 


Input Clamp Voltage (Except Bus) Vcc = MIN., ly = —18MA 


ViH 
BE, RLE 
ine Input LOW Current (Except Bus) Vec = MAX., Vin = 0.4V 
All other inputs 
fo Input HIGH Current (Except Bus) Vec = MAX., Vin = 7.0V | 





in 

4 

2.0 
Input HIGH Current (Except Bus) Vcc = MAX., Vin = 2.7V 
Output Short Circuit Current Veo = MAX. RECEIVER 
(Except Bus) PARITY 
Power Supply Current Vec = MAX. 


a V0 =2.4V 
a a WO ef | 
OR ORNS est 


63 








SWITCHING CHARACTERISTICS OVER 
OPERATING TEMPERATURE RANGE 


Am2917AXM Am2917AXC 


Typ. Typ. 
Parameters Description Test Conditions in. (Note2) Max. in. (Note2) Max, 


ee ara R__BUS) = 1302 
tZH. tZL a 

Bus Enable (BE) to Bus 
tHz, tLz 


[ts A Data Inputs 
| 
Clock Pulse Width (HIGH) 


tPLH Bus to Receiver Output 


(Latch Enabled) 








Latch Enable to Receiver Output 
Bus to Latch Enable (RLE) 


A Data to Odd Parity Out 
(Driver Enabled) 








Bus to Odd Parity Out 
(Driver Inhibit) 





Latch Enable (RLE) to Odd 
Parity Output 





Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Veg = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Am2917A 


INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


DRIVEN INPUT DRIVING OUTPUT 


ae 


O OUTPUT, ODD 


ar 


VY 
ZS 
\A 


Note: Actual current flow direction shown. 
MPR-178 


SWITCHING TEST CIRCUIT 


INPUT A 
[e) 


R 
Am2917A OR 
INPUT 8 


*C_ = 15pF for tp_y, tpHL, 
tZL. tZH 
Cy = 5pF for tyz, tLz 


ORIVER 


A INPUT 


BUS 
OUTPUT 


RECEIVER 
OUTPUT 


Note: Bus to Receiver output delay is measured by clocking data into the driver register 
and measuring the BUS to R combinatorial delay. 
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FUNCTION TABLE Metallization and Pad Layout 


FUNCTION 


Driver output disable 
Receiver output disable 


Driver output disable and 
receive data via Bus input 


Latch received data 


Load driver register 


No driver clock restrictions 


H=HIGH  Z = HIGH Impedance 
L= LOW NC = No change 


DIE SIZE .074" X .130” 


ORDERING INFORMATION DEFINITION OF FUNCTIONAL TERMS 


DRCP Driver Clock Pulse. Clock pulse for the driver register. 


Order the part number according to the table below to obtain the de-" BE Bus Enable. When the Bus Enable is LOW, the four 
sired package, temperature range, and screening level. drivers are in the high impedance state. 

BUSg, BUS;, BUS2, BUS3 The four driver outputs and 
receiver inputs (data is inverted). 


Package Temperature Screening . 
Order Type Range Level Ro, R1, R2, R3_ The four receiver outputs. Data from the 


Number (Note 1) (Note 2) (Note 3) bus is inverted while data from the A or B inputs is non- 


inverted. 
AM2917APC P-20 


AM2917ADC D-20 
AM2917ADC-B D-20 
AM2917ADM D-20 
AM2917ADM-B D-20 
AM2917AFM F-20 
AM2917AFM-B F-20 


AM2917AXC Dice 
AM2917AXM Dice 


C-1 

C-1 RLE Receiver Latch Enable. When RLE is LOW, data on the 
B-1 BUS inputs is passed through the receiver latches. When RLE 
C-3 is HIGH, the receiver latches are closed and will retain the 


ce data independent of all other inputs. 

B-3 ODD Odd parity output. Generates parity with the driver 
Visual inspection enabled, checks parity with the driver in the high-impedance 
to MIL-STD-883 State 
Method 2010B. 


Zo 2222000 


; OE Output Enable. When the OE input is HIGH, the four 
Notes: three-state receiver outputs are in the high-impedance state. 
1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number follow- 
ing letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the var- 
iations of the package may be used unless otherwise specified. 
. © = O°Cto +70°C, M = —55°C to +125°C. 
. See Appendix A for details of screening. Levels C-1 and C-3 con- 
form to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD- 
883, Class B. 


PARITY OUTPUT FUNCTION TABLE 


| BE | ODD PARITY OUTPUT 
L 


ODD = Ag®Aj1 A722 AZ 
ODD = Qg9 ® Q;] © Q7 203 
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Am2917A 


APPLICATIONS 


A 


Am2917A 
ADDRESS REGISTER 


BUS 


Am2918 
STATUS REGISTER 


A 


Am2917A 
DATA 
REGISTER 


R 


FLAGS Y 


A 


Am2909 
BUS Am2917A MICROPROGRAM I Am2901 
SEQUENCER BIPOLAR 
R MICROPROCESSOR 


D 


ROM/PROM 
MICROCODE 


Am2918 
MICROWORD 
REGISTER 


The Am2917A can be used as an I/O Bus Transceiver and Main Memory I/O Transceiver 
in high-speed Microprocessor Systems. 


Am9080A 1/0 DEVICES MEMORY 
D A 
Am8228 Am8T26 Am2917A Am2917A Am8T26 Am2917A Am2917A Am8T26 


ta 


Am8T26 Am8T26 


ADDRESS 


ss (ene 


Using the Am2917A and Am8T26 in a terminated Bus system for the Am9080 MOS Microprocessor. 
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Am2918 


Quad D Register With Standard And Three-State Outputs 





Distinctive Characteristics 


@ Advanced Schottky technology 
@ Four D-type flip-flops 
® Four standard totem-pole outputs 


FUNCTIONAL DESCRIPTION 


New Schottky circuits such as the Am2918 register provide the 
design engineer with additional flexibility in system configura- 
tion .— especially with regard to bus structure, organization 
and speed. The Am2918 is a quadruple D-type register with 
four standard totem pole outputs and four three-state bus-type 
outputs. The 16-pin device also features a buffered common 
clock (CP) and abuffered common output control (OE) for the 
Y outputs. Information meeting the set-up and hold require- 
ments on the D inputs is transferred to the Q outputs on the 
LOW-to-HIGH transition of the clock. 


The same data as on the Q outputs is enabled at the three-state 
Y outputs when the “output control” (OE) input is LOW. 
When the OE input is HIGH, the Y outputs are in the high- 
impedance state. 


The Am2918 register can be used in bipolar microprocessor 
designs as an address register, status register, instruction reg- 

ister or for various data or microword register applications. 
Because of the unique design of the three-state output, the de- 
vice features very short propagation delay from the clock to 
the Q or Y outputs. Thus, system performance and archi- 
tectural design can be improved by using the Am2918 register. 
Other applications of Am2918 register can be found in micro- 
programmed display systems, communication systems and 
most general or special purpose digital signal processing 
equipment. 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the de- 
sired package, temperature range, and screening level. 


Package 
Type 
(Note 1) 


AM2918PC P-16 
AM2918DC D-16 
AM2918DC-B D-16 
AM2918DM D-16 
AM2918DM-B D-16 
AM2918FM F-16 
AM2918FM-B F-16 


AM2918XC Dice 
AM2918XM Dice 


Temperature 
Range 
(Note 2) 


Screening 
Level 
(Note 3) 


C-1 
C-1 
B-1 
C-3 
B-3 
C-3 
B-3 
Visual inspection 


Order 
Number 


to MIL-STD-883 
Method 2010B. 


2£=O £25£25£2000 


‘Notes: 

1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number follow- 
ing letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the 
variations of the package may be used unless otherwise specified. 

. C = OC to +70°C, M = —55°C to +125°C. 

. See Appendix A for details of screening. Levels C-1 and C-3 con- 
form to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD- 
883, Class B. 


@ Four three-state outputs 

@ 75 MHz clock frequency 

@ 100% reliability assurance testing in compliance with 
MIL-STD-883 


LOGIC DIAGRAM 


Q, 
STANDARD 
OUTPUTS 


THREE-STATE 
OUTPUTS 


D3 


CLOCK CP 


OUTPUT 


contro. OF 


MPR-183 


LOGIC SYMBOL 


Do 0, Dg 
Am2918 


Qy Q, Ay Q3 Yp Yy Yo Y3 


2 5 1114 3 6 #10 13 
Vcc = Pin 16 


GND = Pin8 MPR-184 


CONNECTION DIAGRAM 
Top View 


Q2 Y2 


7 
a 
OE 


Note: Pin 1 is marked for orjentation. MPR-185 
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Am2918 
MAXIMUM RATINGS (Above which the useful life may be impaired) 





























Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vcc max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 


Am2918XC Ta =0°C to +70°C Vcc = 5.0V + 5% (COM’L) MIN. = 4,75V MAX, = 5.25V 
Am2918XM Ta = —58°C to +125°C Vec = 5.0V + 10% (MIL) MIN. = 4.5V MAX, = 5.5V ive 

: yp. F 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


o OH =—-'m ‘ 


Vin = Vin or Vie XM, lon = —2mA 3.4 
< 0 | 34 


v Output LOW Voltage (Note 6) TOG NOL Stgaee 0.5 Vv 
utput oltage (Note - ; olts 

Pe Vin = Vin oF VIL 
Guaranteed input logical HIGH 

et eee voltage for all inputs 20 | | | vom 
Guaranteed input logical LOW 

— re oe Ea en a eee 

ee 


vi Input Clamp Voltage Vec = MIN., Itj = —18MA it | 


Vin =2.7V 


Input HIGH Current Vcc = MAX., Vin = 5.5V 
Y Output Off-State Vee = MAX Yor 24V 
Leakage Current ce ‘ Vo = 0.4V 


Output Short Circuit Current Vec = MAX 
(Note 4} 


Power Supply Current Vec = MAX. (Note 5) 


Vec = MAX. 


’ 
' 





1. For conditions shown as MIN. or MAX.,, use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, Ta’= 25°C ambient and maximum loading. 

3. Actual input currents = Unit Load Current x Input Load Factor (see Loading Rules), 

4. Not more than one output should be shorted at a time. Duration of the short circuit test shoud not exceed one second, 

5. lec is measured with all inputs at 4.5V and all outputs open. 

6. Measured on Q outputs with Y outputs open. Measured on Y outputs with QO outputs open. 


Switching Characteristics (Ta = +25°C, Vcc = 5.0V, RL = 2802) 


Parameters Description Test Conditions Min. Typ. Max. Units 
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TRUTH TABLE LOADING RULES (In Unit Loads) 


INPUTS OUTPUTS Fan-out 


NOTES Input Output Output 
Input/Output Pin No.’s Unit Load HIGH LOW 


cP 
1 ma pa 
ei 20 

40/130 


Do 
Qo 
Yo 
D4 
Q 
Y1 


~ 


20 
40/130 





Perr sss a 
teserirss e | 


IrFIOrNNNN = 


L= LOW NC = No change OE 
H = HIGH t = LOW to HIGH transition 
X = Don’tcare Z = High impedance 





40/130 
20 


O;}OInNI oO] Oo] BB] !] NR 


cP 
Y2 
Q2 





Note: 1. When OE is LOW, the Y output will be in the same logic 
state as the © output, 


= 
j~) 





=a/|— 
N |= 


D2 
Y3 


DEFINITION OF FUNCTIONAL TERMS 'Q3 14 20 

Dj The four data inputs to the register. D3 15 1 = 

Q; The four data outputs of the register with standard Vcc 16 ~ - 

totemn-pole active pull-up outputs. Data is passed Ble A Schottky TTL Unit Load is defined as 504A measured at 2.7V 
inverted. HIGH and —2.0mA measured at 0.5V LOW. 

Yj; The four three-state data outputs of the register. When *Fan-out on each Q; and Y; output pair should not exceed 15 unit 
the three-state outputs are enabled, data is passed non- loads (30mA) for i = 0, 1, 2, 3. 

inverted. A HIGH on the “output control” input forces the 
Yj outputs to the high-impedance state. 

CP Clock. The buffered common clock for the register. 
Enters data on the LOW-to-HIGH transition. 

OE Output Control. When the OE input is HIGH, the Yi 
outputs are in the high-impedance state. When the OE input 
is LOW, the TRUE register data is present at the Yj outputs. 


_ 
Ww 


40/130 








Metallization and Pad Layout 
Vv 


DIE SIZE 0.077” x 0.079” 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


Y DRIVING OUTPUT Q DRIVING OUTPUT DRIVEN INPUT 


UNIT LOAD 
2.8k2 NOM 


Note: Actual current flow direction shown. 
MPR-186 
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Am2918 


APPLICATIONS 


Am2901A Am2901A Am2918 
BIPOLAR BIPOLAR DATA-IN 
MICROPROCESSOR MICROPROCESSOR - REGISTER 


CARRY 
OVERFLOW Zz 


ZERO 
Am2918 Am26S10 
NEGATIVE DATA-OUT ! 


BUS 

REGISTER TRANSCEIVER 
D 

Am2918 CONTROL 


PANEL 
a y DISPLAY 


Y 


Am2918 Am26S10 
FLAG DATA ADDRESS 
FOR BUS USE ADDRESS BUS BUS 


CONTINUOUS REGISTER TRANSCEIVER 
FLAG DATA 


The Am2918 as a 4-Bit The Am2918 used as data-in, data-out 
status register and address registers. 


MPR-187 


No Mo 
Ny My 
Ny M2 
N3 — M3 


OUTPUT OUTPUT 
CONTROL CONTROL 


The Am2918 can be connected for bi-directional interface between two buses. The device on the left 
stores data from the A-bus and drives the A-bus. The device on the right stores data from the B-bus and 
drives the A-bus. The output contro! is used to place either or both drivers in the high-impedance state. 
The contents of each register are available for continuous usage at the N and M ports of the device. 


MPR-188 


SERIAL SERIAL 
DATA DATA 
IN OUT 


Dp Qq Dy Oy Dz AQ Dg Qq Dy Q, D2 AQ D3 OQ 


Am2918 Am2918 


a3 Do 
cP 
O} OF 


Y3 Yo Yt Yo Y3 


CLOCK 


BUS 
CONTROL 


Wy Ws We Wy 


8-Bit serial to parallel converter with three-state output (W) and direct access to the register word (X). 
MPR-189 
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—_Am29LS18 


Quad D Register With Standard And Three-State Outputs 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


e@ Low-power Schottky version of the popular Am2918 The Am29LS18 consists of four D-type flip-flops with a buf- 
Four standard totem-pole outputs fered common clock. Information meeting the set-up and hold 
Four three-state outputs requirements on the D inputs is transferred to the QO outputs 
Four D-type flip-flops on the LOW-to-HIGH transition of the clock. 


100% product assurance testing to MIL-STD-883 The same data as on the Q outputs is enabled at the three- 

requirements state Y outputs when the “output control’’ (OE) input is 
LOW. When the OE input is HIGH, the Y outputs are in the 
high-impedance state. 


The Am29LS18 is a 4-bit, high-speed register intended for use 
in real-time signal processing systems where the standard out- 
puts are used in a recursive algorithm and the three-state 
outputs provide access to a data bus to dump the results after 
a number of iterations. 


The device can also be used as an address register or status 
register in computers or computer peripherals. 


Likewise, the Am29LS18 is also useful in certain display 
applications where the standard outputs can be decoded to 
drive LED’s (or equivalent) and the three-state outputs are bus 
organized for occasional interrogation of the data as displayed. 


LOGIC DIAGRAM LOGIC SYMBOL 


1 STANDARD 
OUTPUTS 
2 


Vcc = Pin 16 
GND = Pin 8 
MPR-191 


CONNECTION DIAGRAM 
Top View 


THREE-STATE 
OUTPUTS 


CLOCK CP 


QUTPUT 


CONTROL OF 


7 
| 


OE 


Note: Pin 1 is marked for orientation. 


MPR-190 MPR-192 
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ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ta =0°Cto+70°C Vec =5.0V +5% (MIN. =4.75V MAX. =5.25V) 

MIL Ta =—-55°Cto+125°C Veco =5.0V 410% (MIN.=4.50V MAX. =5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE Typ 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


aH 
Q,| = —660uA 
Vec = MIN. OH : 
Output HIGH Voltage 


Vin = ViH oF VIL MIL, lon Se OMA 
COM'L, IQH = 2.6mA 


loL = 4.0mA 
Vec = MIN. oss 


Output LOW Voltage Vin = Vin or Vie loL = 8.0mA 
lo = 12mA 


Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 
Guaranteed input logical LOW 
Input LOW Level 
[mom See ES ee L 
Input Clamp Voltage Vec = MIN., tiny = —18MA 
Input LOW Current Vec = MAX., Vin = 0.4V 
Input HIGH Current Vcc = MAX., Vin = 2.7V 
Input HIGH Current Vcc = MAX., Vin = 7.0V 
Off-State (High-I mpedance) Voc = MAX. Vo = 0.4V 
Output Current Vo =2.4V 
Output Short Circuit Current Vec = MAX. 
(Note 3) 
Power Supply Current 
(Note 4) 


Notes:1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second, 
4. Iec is measured with all inputs at 4.5V and all outputs open. 





MAXIMUM RATINGS (Above which the useful life may be impaired) 

















Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vcec max. 
DC Input Voltage —0.5V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 
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SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Parameters Description Min. Typ. Max. Units Test Conditions 








Note 1. Per industry convention, fma x is the worst case value of the maximum device operating frequency with no constraints on tr, tf, 
pulse width or duty cycle. 








SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 












Am29LS18PC, DC Am29LS18DM, FM 





Ta =0°C to +70°C 
Vcc = 5.0V +5% 


Ta = —55°C to +125°C 
Vcc = 5.0V + 10% 


Parameters Description Units Test Conditions 


i —— 
ire 
ee 















Clock Pulse Width ei 























OE to Yi 





tov 
ts 
th 
(ZH 
tZL 
t ss 

as OE to Y; 
tLZ 


Maximum Clock Frequency (Note 1) 


* AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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APPLICATIONS 
A El A El 
ti ft Lt 


DECODER/ DECODER/ DECODER/ DECODER/ 
DRIVER ORIVER ORIVER ORIVER 














































(NPUT 
DATA 
2 
wn 
z 
€ 
< 
OE Y3 
A 
B 2 
€ 
INTERROGATE = aes Rae |e i es eae = 
= a A 
E 
S CLOCK 
DATA SSR! ee 
cae La BUS 
The Am29LS18 used as a display register with bus interrogate capability. MPR-193 
CLOCK 
we cP Xo 
Wy : : 
i: NX 
2 0 S XQ 
7 2 y X3 
a 2 a 
E € 
= ¢ 
A 8 SN 
a a . 
e ies 
ENABLE ——O S rT Tf 
| ih ee wen 
ee eee 
The Am29LS18 as a variable length (1, 2, 3 or 4 word) shift register. sinenies 


LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


Y DRIVING OUTPUT Q DRIVING OUTPUT DRIVEN INPUT 


Note: Actual current flow direction shown. 


MPR-195 
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DEFINITION OF FUNCTIONAL TERMS TRUTH TABLE 


Dj The four data inputs to the register. INPUTS OUTPUTS 


Q; The four data outputs of the register with standard 
totem-pole active pull-up outputs. Data is passed non- 
inverted. 

Yj; The four three-state data outputs of the register. When 
the three-state outputs are enabled, data is passed non- 
inverted. A HIGH on the “output control” input forces the 
Yj outputs to the high-impedance state. 

CP Clock. The buffered common clock for the register. 
Enters data on the LOW-to-HIGH transition. 

OE Output Control. When the OE input is HIGH, the Yi 
outputs are in the high-impedance state. When the OE input L= LOW NC = No change 


: . : : H = HIGH t = LOW to HIGH transition 
is LOW, the TRUE register data is present at the Yj outputs. 3 = Doniveace Zim High: impedance 


[°) 
al 


cP 


al eas ae ane ® Sieh ia ie 
ITrFITIeONNnNnN 


Note: 1. When OE is LOW, the Y output will be in the same logic 
state as the Q output. 


Metallization and Pad Layout 








DIE SIZE 0.083" x 0.099” 


ORDERING INFORMATION 
Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Package Type Temperature Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 


AM29LS18PC P-16 C-1 
AM29LS18DC D-16 C-1 
AM29LS18DC-B D-16 B-1 
AM29LS18DM D-16 C-3 
AM29LS18DM-B D-16 B-3 
AM29LS18FM F-16 C-3 
AM29LS18FM-B F-16 B-3 


AM29LS18XC Dice Visual inspection 


ZO 2222000 


i to MIL-STD-883 
AM29LS18XM Dice Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = 0°C to +70°C, M = —55°C to +125°C. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 
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Quad Register With Dual Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 


@ Two sets of three-state outputs 
Four D-type flip-flops 
Polarity control on one set of outputs 
Buffered common clock enable 
Buffered common asynchronous clear 
Separate buffered common output enable for each set of 
outputs 
100% reliability assurance testing in compliance with MIL- 
STD-883 


LOGIC DIAGRAM 


OE-Y OE-W 
OUTPUT ENABLE 


c 
CLEAR POLARITY 


FUNCTIONAL DESCRIPTION 


The Am2919 consists of four D-type flip-flops with a buffered 
common clock enable. information meeting the set-up and 
hold time requirements of the D inputs is transferred to the 
flip-flop outputs on the LOW-to-H!GH transition of the clock. 
Data on the Q outputs of the flip-flops is enabled at the 
three-state outputs when the output control (OE) input is 
LOW. When the appropriate OE input is HIGH, the outputs 
are in the high impedance state. Two independent sets of 
outputs—W and Y—are provided such that the register can 
simultaneously and independently drive two buses. One set 
of outputs contains a polarity control such that the outputs 
can either be inverting or non-inverting. 


The device also features an active LOW asynchronous clear. 
When the clear input is LOW, the Q output of the internal 
flip-flops are forced LOW independent of the other inputs. 
The Am2919 is packaged in a space-saving (0.3-inch row 
spacing) 20-pin package. 


LOGIC SYMBOL 


OE-Y 
OE-W 


POL 


Wo Wy Wo W3 Yo Y1 Y2 Y3 


Vcc = Pin 20 
GND = Pin 10 


MPR-197 


CONNECTION DIAGRAM 
Top View 


Note: Pin 1 is marked for orientation. 


MPR-198 
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ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ta =0°C to +70°C Vec = 5.0V +5% MIN. =4.75V MAX. =5.25V 

MIL Ta =-55°C to+125°C =§ Vee = S.0V 410% MIN. =4.50V MAX. =5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Ta: 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 







0.7 
Volts 


Its 
mA 









loL =4.0mA 

Veo = MIN. 
VOL Output LOW Voltage Vin = Vin or Vib lop =8.0mA 

: lot = 12mMA 


Guaranteed input logical HIGH 
fnpus AGH Eevel voltage for all inputs 2.0 
i J trowrLow tet | 


Vec = MIN. MIL, Ion = —1.0MA 2.4 
Vou Output HIGH Voltage Vin =V V 
IN = Vi OF VIL COM'L, IoH = —2.6mA 2.4 





VI 

Vv | LOW Level Guaranteed input logical LOW 
l nput eve voltage for all inputs COM'L 

Input Clamp Voltage Vcc = MIN., liq = —18MA 

Input LOW Current Vec = MAX., Vin = 0.4V 

Ta Input HIGH Current Vcc = MAX., Vin = 2.7V 

pe Input HIGH Current Vcc = MAX., Vin = 7.0V 





= 





| 
N 
° 
‘s 
> 


Off-State {High-I mpedance) Vee = MAX Vo =04V 
Output Current : Vo =2.4V 
Output Short Circuit Current Voc = MAX. 
(Note 3) 
Power Supply Current hs 
1 = MAX. 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Inputs grounded; outputs open. 


Is 


3 
> 


3 
> 


69 | 
hit 


nN 
oO 





MAXIMUM RATINGS (Above which the useful life may be impaired) 



































Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to+Vcc max. 
DC Input Voltage —0.5V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 
FUNCTION TABLE 


INPUTS INTERNAL OUTPUTS 
Zz 


NC Enabled 
Enabled : Zz 
Zz Zz 

Enabled Enabled 


FUNCTION 


i?) 
re 
=e] 


Output Three-State Control 


Wj i 
Asynchronous Clear 


Clack Enable 


xX 
Xx 
Xx 
x 
xX 
x 
H 
L 
L 


ele del 





ee|e exc 
Uv 
pexxfefer or F 
= 


rl 
Xx x 
x x 
x X 
x Xx 
x x 
Xx x 
t x 
t L 
+ 


H 
L=LOW Z= High Impedance X= Don't Care t = LOW-to-HIGH Transition 
H = HIGH NC = No Change 
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Am2919 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Parameters Description Min. Typ. Max. Units Test Conditions 


z 
Clock to Y 


i 
Clock to Wi 
(Either Polarity) 
i 
i 


oa 


Polarity to Wj 


, 
Clock Pulse Width HIGH 


Data Enable 


Data Enable 


Set-up Time, Clear 
Recovery (Inactive) to Clock 


N“N 


ts 
tH Output Enable to W or Y 


Output Enable to W or Y 


Maximum Clock Frequency (Note 1) 


~“ 


CL = 5.0pF 
Ry = 2.0k2 
CL = 15pF 
Ry = 2.0k0 


Note 1. Per industry convention, fmgx is the worst case value of the maximum device operating frequency with no constraints on t,, tf, 


pulse width or duty cycle. 
Am2919PC, DC. Am2919DM, FM 


Ta = 0°C to +70°C Ta = —55°C to +125°C 
Vcc = 5.0V +5% Voc = 5.0V +10% 
Min. Max. Min. Max. 
39 





= or 
= ay w Le) w 
N N 





SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


Parameters Description 


t 
Clock to Y, 
teHL 


Clock to W; 
(Either Polarity) 
Clear to Y; 











Units Test Conditions 































_ 


nN 





Data Enable 


| th | _ Data Enable 
Set-up Time, Clear 
__ Recovery (Inactive) to Clock 
Output Enable to Wj or Y; 
| tz Output Enable to W; or Y; 
| ta | Maximum Clock Frequency (Note 1) 





CL => 5.0pF 
Ry = 2.0kO0 
C_ = 50pF 
Ry = 2.0kO 





WwW wo 


“AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


2-165 


Am2919 


DEFINITION OF FUNCTIONAL TERMS GUARANTEED LOADING RULES 
OVER OPERATING RANGE (In Unit Loads) 
Any OF the four D'flip-flop data lines. A Low-Power Schottky TTL Unit Load is defined as 20uA measured at 
Clock Enable. When LOW, the data is entered 2.7V HIGH and —0.36mA measured at 0.4V LOW. 
into the register on the next clock LOW-to- Output Output 
HIGH transition. When HIGH, the data in the Input HIGH Low 


register remains unchanged, regardless of the Pin No.’s Input/Output | Load MIL COM’L MIL COM’L 
data in. 


_ 


Do 1.0 — = _ = 
Wo - 50 130 33 33 
Yo = 50 130 33 33 
Dy 1.0 _ pe < = 
Wy — 50 130 33 33 
Y; — 50 33 

OE-W 1.0 

OE-Y 1.0 

cP 1.0 


Clock Pulse. Data is entered into the register on 
the LOW-to-HIGH transition. 


Output Enable. When OE is LOW, the register 
is enable to the output. When HIGH, the out- 
put is in the high-impedance state. The OE-W 
controls the W set of outputs, and OE-Y 
controls the Y set. 








Any of the four non-inverting three-state out- 
put lines. 


OlLOIN M/A! Al] wir 


Any of the four three-state outputs with polarity 
control. 


= 
(=) 


— 
= 


Y2 
W2 
D2 
¥3 


Polarity Control. The W; outputs will be non- 
inverting when POL. is HIGH, and when it is 
LOW, the outputs are inverting. 


Asynchronous Clear. When CLR is LOW, the 
internal Q flip-flops are reset to LOW. 


= 
N 








=|= 
a] wo 





= 
o 


LOW-POWER SCHOTTKY INPUT/OUTPUT Metallization and Pad Layout 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 



















































































Note: Actual current flow direction shown. DIE SIZE 0.083" X 0.099” 
MPR-199 
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Am2919 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Package Type Temperature Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 


AM2919PC P-20 C-1 
AM2919DC D-20 C-1 
AM2919DC-B D-20 B-1 
AM2919DM D-20 C-3 
AM2919DM-B D-20 B-3 
AM2919FM F-20 C-3 
AM2919FM-B F-20 B-3 


AM2919XC Dice Visual inspection 


=O £252285252000 


i to MIL-STD-883 
AM2919XM Dice Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following fetter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = 0°C to +70°C, M = —55°C to +125°C. 


3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 


APPLICATION 


DATA BUS 


16 
4 
SRC 
INSTRUCTION 
REGISTER Am25LS377 Am2919 Am2919 


4 


Am29811 Am2901 
ARRAY 


SOURCE DESTINATION 


The Am2919 provides for easy control of the selection of source and destination register addresses for the 
Am2901. These controls can emanate from both the instruction register and the pipeline register. The control 
is accomplished by three-state action at the Am2919 outputs. Four different register outputs can be selected 
by the B address which is the destination register in the Am2901. Two registers can be selected for the Am2901 
A input which is a second RAM source. 


The other pair of three-state outputs can be used for function control select as shown with the Am2921. Here, 
bit set, bit clear, bit toggle and bit test on any of the 16 bits can be performed. 


MPR-200 
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Am2920 


Octal D-Type Flip-Flop With Clear, Clock Enable And Three-State Control 


DISTINCTIVE CHARACTERISTICS 


® Buffered common clock enable input 

@ Buffered common asynchronous clear input 

@ Three-state outputs 

®@ 8-bit, high-speed parallel register with positive edge-triggered, 
D-type flip-flops . 
100% reliability assurance testing in compliance with MIL- 
STD-883 


FUNCTIONAL DESCRIPTION 


The Am2920 is an 8-bit register built using advanced Low- 
Power Schottky technology. The register consists of eight 
D-type flip-flops with a buffered common clock, a buffered 
common clock enable, a buffered asynchronous clear input, 
and three-state outputs. 


When the clear input is LOW, the internal flip-flops of the 
register are reset to logic 0 (LOW), independent of all other 
inputs. When the clear input is HIGH, the register operates in 
the normal fashion. 


When the three-state output enable (OE) input is LOW, the 
Y outputs are enabled and appear as normal TTL outputs. 
When the output enable (OE) input is HIGH, the Y outputs 
are in the high impedance (three-state) condition. This does 
not affect the internal state of the flip-flop Q output. 


The clock enable input (E)_is used to selectively load data 
into the register. When the E input is HIGH, the register will 
retain its current data. When the E is LOW, new data is entered 
into the register on the LOW-to-HIGH transition of the clock 
input. 


This device is packaged in a space-saving (0.4-inch row spacing) 
22-pin package. 


LOGIC DIAGRAM 


CLOCK 
ENABLE 


OUTPUT 
ENABLE 


CONNECTION DIAGRAM 
Top View 


D7 Dg Yg 


1 
ia 
c 


Note: Pin 1 is marked for orientation. MPR-202 


9 MPR-201 


Vec = Pin 22 


GND = Pin 11 MPR-203 
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ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ta =0°Cto+70°C Vec = 5.0V #5% MIN. =4.75V MAX. =5.25V 

MIL Ta = —-55°Cto+125°C Vee =5.0V 410% MIN. =4.50V MAX. =5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Tip; 

Parameters Description Test Conditions (Note 1) n. (Note 2) Max. Units 











=a 


Vec = MIN. MIL, IoH = —1.0mA 
Output HIGH Voltage a V 
Vin = Vio oF Vib COM'L, IgH = —2.6mA 
Vec = MIN. lop =4.0mA 
Output LOW Voltage Vinv= Vion 
IN !H IL lo, = 8.0mA 


| von 
Guaranteed input logical HIGH 
Input HIGH Level voittage for all inputs 






moti a} 

Input LOW Level Guaranteed input logical LOW 
voltage for all inputs COM'L | 
Input Clamp Voltage Vec = MIN., lyn = —18MA Ll 
Input LOW Current Vcc = MAX., Ving = 0.4V fd 


20 


‘— 


Pe [arte [peso 
a 
[ee [oem EE — 

Output Current 
el 


—20 
20 


is 
> 


3 
> 


Output Short Circuit Current Vec = MAX. 
(Note 3) 

Power Supply Current = MAX 
(Note 4) Vec EN 


Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

All outputs open, E= GND, Di inputs = CLR = OE = 4.5V. Apply momentary ground, then 4.5V to clock input. 


37 


| 
° 
wo 
o 





ON 


ORDERING INFORMATION 
Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Package Type Temperature Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 


AM2920PC P-22 C-1 
AM2920DC D-22 C-1 
AM2920DC-B D-22 B-1 
AM2920DM D-22 C-3 
AM2920DN-B D-22 B-3 
AM2920FM F-22 C-3 
AM2920FM-B F-22 B-3 


AM2920XC Dice Visual inspection 


ZO £2225000 


! to MIL-STD-883 
AM2920XM Dice Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = O°C to +70°C, M = —55°C to +125°C. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 
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Am2920 
MAXIMUM RATINGS (Above which the useful life may be impaired) 














Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vec max. 
DC Input Voltage —0.5V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Parameters Description Min. Typ. Max. Units Test Conditions 


t 
Clock to ¥; (OE LOW 


ae TTL 


Data (Dj) 


Enable (E) 
Clear Recovery (In-Active) to Clock 


HIGH 
Clock 























= 


Enable (E) 


nN = 
o =~ a 


OE to Y; 


Maximum Clock Frequency (Note 1) 


Note 1. Per industry convention, frygx is the worst case value of the maximum device operating frequency with no constraints on t,, t¢, pulse 
width or duty cycle. 





SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 















Am2920PC,DC 


Ta =0°C to +70°C 
Vcc = 5.0V + 5% 


Am2920DM,FM 


Ta = —55°C to +125°C 
Vcc = 5.0V + 10% 


Min. Max. 





Parameters Description 


t —— 
Clock to Yj (OE LOW) 


es eon ed 
= an 


Units Test Conditions 





ve) 






Inactive 


ae 
os ae 
ae eel 
Rares ae 
iinet a See 
Pe: a Ge ae 
nee 
a 
(eae Oe 
= as 
eae an es 
Sn DAE Ra 
nee a a 
neat ae 
or 


HIGH 
Clock 


_ 

o 
> te) Or} w& 
N wo + 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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DEFINITION OF FUNCTIONAL TERMS GUARANTEED LOADING RULES 
OVER OPERATING RANGE (In Unit Loads) 


The D flip-flop data inputs: A Low-Power Schottky TTL Unit Load is defined as 20UA measured at 
When the clear input is LOW, the 0; outputs are 2.7V HIGH and —0.36mA measured at 0.4V LOW. 
LOW, regardless of the other inputs. When the Am2920 


| i is HIGH i h 
clear input is G , data can be entered into the Output Output 


register. Input HIGH LOW 
Clock Pulse for the Register; enters data into the Pin No.’s Input/Output] Load MIL COM’L MIL COM'’L 


register on the LOW-to-HIGH transition. a iz _ ~ 


Yo 50 22 
Do - - 
D1 - _ 
‘4 50 22 
YD 50 22 
Do - _ 


The register three-state outputs. 


Clock Enable. When the clock enable is LOW, 
data on the Dj input is transferred to the Qj out- 
put on the LOW-to-HIGH clock transition. When 
the clock enable is HIGH, the Q; outputs do not 
change state, regardless of the data or clock input 
transitions. 

Output Control. When the OE input is HIGH, 
the Yj; outputs are in the high impedance state. 
When the OE input is LOW, the TRUE register 
data is present at the Y; outputs. 











D3 - - 
Y3 50 22 
cP - — 


©] CO} NN] OH] Oo) B/ G/M] > 


= 
oO 





~~ 
= 


Y4 50 22 
D4 - - 


= 
nN 





= 
Ww 


Ds = i 
Y5 50 22 
FUNCTION TABLE 7 = 55 








Faneion [BET SRR LE [oiler | a [vi D7 : - 
: ae 


Y7 50 22 
OE _ = 


E 


NC = No Change 
L = LOW t = LOW-to-HIGH Transition 
X = Don’t Care Z = High tmpedance 


LOW-POWER SCHOTTKY INPUT/OUTPUT Metallization and Pad Layout 
CURRENT INTERFACE CONDITIONS 


ORIVING OUTPUT ORIVEN INPUT 








Note: Actual current flow direction shown. DIE SIZE 0.080" X 0.111” 
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APPLICATIONS 


5 STD DATA EUS BIT DATA BUS 


Am2920 Am2920 
Am29761 Am29761 Am29761 
Am74S151 Am29811 > ee }—{=}— = 
7s: 


PROM ARRAY 


8 8 8 
Am25LS273 Am2920 Am2920 


8 8 
Am2920 Am2920 


56-BIT PIPELINE REGISTER 


A typical Computer Control Unit for a microprogrammed machine. 
MPR-205 


ADDRESS 


Am9080A 
DATA 


Am8228 


DATA BUS 


ADDRESS BUS 


8 
Am2920 Am2920 | anaoo | Am2920 Am2920 Am2920 
8 


I/O DEVICE #1 1/0 DEVICE #2 


The Am2920 is a useful device in interfacing with the Am9080A system buses. 
MPR-206 
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Am2921 


One-of-Eight Decoder 
With Three-State Outputs And Polarity Control 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


The Am2921 is a three-line to eight-line decoder/demultiplexer 
Buffered common output polarity control fabricated using advanced Low-Power Schottky technology. 
Inverting and non-inverting enable inputs The decoder has three buffered select inputs—A, B, and C— 
AC parameters specified over operating temperature and that are decoded to one-of-eight Y outputs. Two active-HIGH 
power supply ranges. and two active-LOW enables can be used for gating the de- 
100% reliability assurance testing in compliance with coder or can be used with incoming data for demultiplexing 


MIL-STD-883 applications. 

A separate polarity (POL) input can be used to force the 
function active-HIGH or active-LOW at the output. Two 
separate active-LOW output enables (OE) inputs are provided. 
If either OE input is HIGH, the output is in the high impedance 
(off) state. When the POL input is LOW, the Y outputs are 
active-HIGH and when the POL input is HIGH, the Y outputs 
are active-LOW. 


Three-state decoder outputs 


The device is packaged in a space saving (0.3-inch row spacing) 
20-pin package. 


LOGIC DIAGRAM 
One-of-Eight Decoder 


E 
ENABLE 


POL 
POLARITY 


OUTPUT 
CONTROL 


MPR-207 


CONNECTION DIAGRAM 
Top View 


Ep Eg Eq, POL Y7 


Vec = Pin 20 
1 19 18 8 9 11 GND = Pin 10 


Note: Pin 1i ked f ientation. 
ote: Pin 1 is marked for orientation MPR-208 MPR-209 
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ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM’L Ta =0°Ct0+70°C Voc = 5.0V +5% MIN. =4.75V MAX. =5,25V 

MIL Ta =—-55°C to +125°C = Veg = 5.0V 410% MIN. =4.50V MAX. =5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 


Vec = MIN. lou = 1.0mA (MIL) 
Output HIGH Voltage Winy = Vv 
IN = VIH OF VIL lOH = —2.6mA (COM'L) 


Vec = MIN. 








Output LOW Voltage 


VIN = Vin oF Vin 


Guaranteed input logical HIGH 
Input HIGH Level voltage for all inputs 
Guaranteed input logical LOW 
Input LOW Level voltage for all inputs 
Input Clamp Voltage Vec = MIN., lyn = —18mA 








Off-State (High-Impedance) 
Output Current 


Isc Output Short Circuit Current Vec = MAX. —15 
(Note 3) 


Power Supply Current 2 
'cc (Note 4) 











Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

Test conditions: A = B = C = Ey = Ey = GND: E3 = Eq = POL = OF, = OEFQ=4.5V. 


Boy 


MAXIMUM RATINGS (Above which the useful life may be impaired) 












































Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to+7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vcc max. 
DC Input Voltage —0.5V to +7.0V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 
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SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Parameters Description Min. Typ. Max. Units Test Conditions 
t 

ee 
aa Ey, Ep to Yj 
t 

Es, E4 to Y, 


Pz | 
| z._| 
—}|— 
coe 


t 
Soa 
OE}, OEot to Yj; 





SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 


















Am2921PC, DC 


Ta =0°C to +70°C 
Vcc = 5.0V +5% 


Am2921DM, FM 


Ta = —55°C to +125°C 
Vcc = 5.0V + 10% 


Parameters Description Units Test Conditions 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


LOW-POWER SCHOTTKY INPUT/OUTPUT Metallization and Pad Layout 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT DRIVEN INPUT 


'oH } UL 





ToL 














Note: Actual current flow direction shown. DIE SIZE 0.081” X 0.096” 
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DEFINITION OF FUNCTIONAL TERMS GUARANTEED LOADING RULES 
A,B,C,D — ‘The three select inputs to the decoder/de- OVER OPERATING RANGE (In Unit Loads) 


multiplexer A Low-Power Schottky TTL Unit Load is defined as 20UA measured at 
: 2.7V HIGH and —0.36mA measured at 0.4V LOW. 


The active _LOW enable inputs. A HIGH on 
either the Ey or E2 input forces all decoded 
functions to be disabled. Output Output 


The active HIGH enable inputs. A LOW on Input HIGH LOW 
either E3 or Eq inputs forces all the decoded Pin No.’s Input/Output} Load MIL COM’L MIL COM'L 
functions to be inhibited. 1 = 50 130 33 33 





- 50 130 33 33 
- 50 130 33 
1.0 _ - - 
1.0 _ oe - 
1.0 - ~ - 


Polarity Control. A LOW on the polarity con- 
tro! input forces the output to the active-HIGH 
state while a HIGH on the polarity control 
input forces the Y outputs to the active-LOW 
state. 


Output Enable. When both the OE, and OE 
inputs are LOW, the Y outputs are enabled. If 
either OE, or OEs input is HIGH, the Y out- 
puts are in the high impedance state. 


























1.0 = = = 
- 50 33 
= 50 33 











O}/OINI OD aAlSA!]wWI]N 





The eight outputs for the decoder/demultiplexer. 


= 
oO 





ay 
= 


= 50 33 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 








= 
NO 





_ 
Ww 








—_ 
at 





a oe es 
NI] QO] oO 


= 
oo 


— 
ie} 


N 
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FUNCTION TABLE 


[remeron | 
ee | 9 | 2 | | 


at cdi onload 


Active-HIGH Output 4 


L= LOW X = Don’t Care 2 = High Impedance 


Brrr rrcrcigyxKk*xrerxKxKxxK K|x x 


el 


Cerrererer er fli rrtriotiririIinn 


GTrrTrrrrrrrrrrirTrigrtiqgjyrrcwKxKxxKxxxXixK x 


rPrerrerocoererol KeuKxKxxKXxKXXKXII!xK xX 
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Am2921 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Package Type Temperature Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 


AM2921PC P-20 C-1 
AM2921DC D-20 C-1 
AM2921DC-B D-20 B-1 
AM2921DM D-20 C-3 
AM2921DM-B D-20 B-3 
AM2921FM F-20 C-3 
AM2921FM-B F-20 B-3 


AM2921XC Dice Visual inspection 


ZO 2222000 


i to MIL-STD-883 
AM2921XM Dice Method 20108. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = O°C to +70°C, M = —55°C to +125°C. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 





APPLICATIONS 


ROM 
MICROPROGRAM MEMORY 
—_$ $$ 


POL A 8 c Dd 


ENABLES | 


Am2921 Am2921 


Y3 Ya Ys Ye Y7 
OUTPUT 


CONTROL 


16-BIT DATA BUS 


Am2901A 
MICROPROCESSOR 
ARRAY 


J DATA 
INPUT 
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Two Am2921's can be used to perform a bit set, bit clear, bit toggle or bit test on any of sixteen bits in 
a microprocessor system. Examples of the operations performed are as follows: 


Microprogram Ba A Am2901A Bit Function 
Control 16-Bit Field From Am2921 ALU Performed On 


BA POL 45 67 8 9 101112131415 | Function Selected Register 
0 BIT SET 

0 : BIT TEST 

1 BIT CLEAR 

1 BIT TOGGLE 
0 


Cc 
0 
1 
1 
0 
0 BIT TOGGLE 


3 
1 
0 
1 
1 
0 





Note: Bit test is performed using F = 0 output of Am2901A. 
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Am2922 


Eight Input Multiplexer With Control Register 


DISTINCTIVE CHARACTERISTICS LOGIC DIAGRAM 


High speed eight-input multiplexer 

On-chip Multiplexer Select and Polarity Control Register 
Output polarity control for inverting or non-inverting 
output 

Common register enable 

Asynchronous register clear 

Three-state output for expansion 

AC parameters specified over operating temperature and 
power supply ranges. 

100% product assurance testing to MIL-STD-883 
requirements 


FUNCTIONAL DESCRIPTION 


The Am2922 is an eight-input Multiplexer with Control 
Register. The device features high speed from clock to output 
and is intended for use in high speed computer control units 
or structured state machine designs. 


The Am2922 contains an internal register which holds the A, 
B and C multiplexer select lines as well as the POL (Polarity) 
control bit. When the Register Enable input (RE) is LOW, new 
data is entered into the register on the LOW-to- HIGH, transi- 
tion of the clock. When RE is HIGH, the register retains its 
current data. An asynchronous clear input (CLR) is used to 
reset the register to a logic LOW level. 


The A, Band C register outputs select one of eight multiplexer i= era 


data inputs. A HIGH on the Polarity Contro! flip-flop output 2] | | 2], 
causes a true (non-inverting) multiplexer output, and a LOW 
causes the output to be inverted. In a computer control unit, =a D al 


UU che UUU 


III 


a 


this allows testing of either true or complemented flag data at be 
the microprogram sequencer test input. 

An active LOW Multiplexer Enable input (ME) allows the se- 

lected multiplexer input to be passed to the output. When ME 

is HIGH, the output is determined only by the Polarity Control 

bit. 

The Am2922 also features a three-state Output Enable control 

(OE) for expansion. When OE is LOW, the output is enabled. 

When OE is HIGH, the output is in the high impedance state. 


CONNECTION DIAGRAM LOGIC SYMBOL 
Top View 


1 #19 18 17 14 13 12 «11 


D3 D4 


~ Po 4 Dz Dy Dy Ds Dg Dy 


M 
A 
B 
c 


3 
a 
RE 


: Vcc = Pin 20 
Note: Pin 1 is marked for orientation. GND = Pin 10 
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Am2922 


ELECTRICAL CHARACTERISTICS 
The Following Conditions Apply Unless Otherwise Specified: 


COM'L Ta, =0°C to +70°C Vec = 5.0V 45% MIN. =4.75V MAX. = 5.25V 

MIL Ta = 55°C to+125°C } =9 Veg =5.0V 410% MIN. =4.50V MAX. =5.50V 

DC CHARACTERISTICS OVER OPERATING RANGE Typ 

Parameters Description Test Conditions (Note 1) n. (Note 2) ieee Units 








N 
bh 


N 
hb 
ee 
iv 


Vec = MIN. MIL, Igy = —2.0mA 
VOH Output HIGH Voltage iagee Vv Vv on me 
IN=VIHOTVIL | COM’L,IoH=-65mA | 24 | 
Vece Min, lon = 4.0mA | 
VoL Output LOW Voltage Vin=Vinor Vj, | !OL=8.0mA fF 


0.45 45 Volts 


en 















lol = 20mA 


Vin Input HIGH Level Guaranteed input logical HIGH 

voitage for all inputs 
Guaranteed input logical LOW 
voltage for all inputs COM'L 


















Vec = MIN., liq = —18MA 


/— 

- 

| tmoctowcuren | yey” | REGE-RE = MAX., ae 

He Input LOW Current VIN =0.4V Dy, A, B,C, POL, CP, C at —— 
crr| 

ee 

ho 










ME, OE, RE 


Input HIGH Current 
Dy, A, B,C, POL, CP, CLR 








ME, OE, RE 


Input HIGH Current 





Dy. A, B, C, POL, CP, C 


& Vv 0.4V 
Off-State (High-Impedance) Voc = MAX. O* 
Output Current Vo =2.4V 


Output Short Circuit Current Vec = MAX. 
(Note 3) 

Power Supply Current =M 
(Note 4) MEG Ne 


Notes: 1, For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
. Typical limits are at Veg = 5.0V, 25°C ambient and maximum loading. 

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

- Dy, A, B, C, POL, ME at Gnd. All other inputs and outputs open. Measured after a momentary ground then 4.5V applied to clock input. 





AWN 


MAXIMUM RATINGS (Above which the useful life may be impaired) 



























































Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V 
. DC Voltage Applied to Outputs for High Output State —0.5V to +Vcc max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 
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Am2922 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Parameters Description Min. Typ. Max. Units Test Conditions 


t 

Clock to Y POL — LOW 
teHL 
t 

Clock to Y POL — HIGH 
tPHL 


t 

Dp to Y 
tPHL 
t 

BERaeY 
teHL 


t 
ena 
teHL 


[| 
erases 
i pe 
tow | 
cee 


CLR Recovery 
Clear (LOW} 


A, B, C, POL, CE 





SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE* 

















Ta = 0°C to +70°C 
Vcc = 5.0V +5% 
Min. 


Ta = —55°C to +125°C 
Vcc = 5.0V +10% 
Parameters Description 


t 
Clock to Y, POL-L 
t F 
Clock to Y, POL-H 
t ; 
paaey 
t 
hin’ 
MEG Y 
zoey 


| tH 

tiz 
| txz 
eS 
te 
thei] 


Units Test Conditions 























i 


- *AC performance over the Operating temperature range is guaranteed by testing defined in Group A,Subgroup 9. 
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DEFINITION OF FUNCTIONAL TERMS 


A,B,C Multiplexer Select Lines. One of eight multiplexer 
data inputs is selected by the A, B and C register 
outputs. 

Polarity Control Bit. A HIGH register output causes 
a true (non-inverted) output and a LOW causes the 
output to be inverted. ; 

Multiplexer Enable. When LOW, it enabled the 
8-input muitiplexer. When HIGH, the Y output is 
determined by only the Polarity Control bit. 
Register Enable. When LOW, the Multiplexer Select 
and Polarity Control Register is enabled for loading. 
When HIGH, the register holds its current data. 


FUNCTION TABLE 


INPUTS 
C B A POL RE CLR cP 
X xX 


Select 
(Multiplex) 


Tri-state 
Output 
Disable 


Nc = No Change 
X = Don't Care 


L 


L 
L 
L 
L 
H 
H 
H 
H 
x 


L 
x H 


Ii 


x X)/Domor/e trie re 


Am2922 


Clear. A LOW asynchronously resets the Multiplexer 
Select and Polarity Control Register. 


Data Inputs to the 8-input multiplexer. 


Clock Pulse. When RE is LOW, the Multiplexer 
Select and Polarity Control Register changes state 
on the LOW-to-HIGH transition of CP. 


Output Enable. When LOW, the output is enabled. 
When HIGH, the output is in the high impedance 
state. 


The chip output. 


INTERNAL 


Qc Qp QA OPOL 


L 
Nc NC 
L/H 


L 
H 
L 
H 
L 
H 
L 
H 
Xx 
X 


Note 1: The output will follow the selected input, Dj, or its 
complement depending on the state of the POL flip-flop. 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Package Type 
(Note 1) 


P-20 
D-20 
D-20 
D-20 
D-20 
F-20 
F-20 


Dice 
Dice 


Order Number 


AM2922PC 
AM2922DC 
AM2922DC-B 
AM2922DM 
AM2922DM-B 
AM2922FM 
AM2922FM-B 


AM2922XC 
AM2922XM 


Temperature Range 
(Note 2) 


ZO S222000 


Screening Level 
(Note 3) 


C-1 
C-1 
B-1 
C-3 
B-3 
C-3 
B-3 
Visual inspection 
to MIL-STD-883 
Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 


2. C = 0°C to +70°C, M = —55°C to +125°C. 


3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 


Class B. 


2-181 





Am2922 


LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


ORIVING OUTPUT DRIVEN OUTPUT 


Note: Actual current flow direction shown. 


APPLICATION 


INSTRUCTION 


INPUTS 
FROM PIPELINE 
REGISTER 


OUTPUTS 


Am29811A 


al 
oo ov m 


on oo oOo F BH ow 


> 


a | 
| iL 


TEST 
INPUTS 





ki 


Metallization and Pad Layout 


i 
ij 


! 12 a a 
frabstra ts eRe 
| fue : 


we 








DIE SIZE 0.080" X 0.099” 


MICROPROGRAM 
MEMORY 


OUTPUTS 


Do “Dy 


Am25LS175 
PIPELINE REGISTER 


QM a 


A versatile one-of-sixteen Test Select with Polarity Control and Test Select Hold. 
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Am2925 


System Clock Generator and Driver 


ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 


Single chip clock generator and driver 

Four different clock output waveforms for Am2900 and other 
bipolar and MOS systems 

Crystal controlled for stable system operation 

Oscillator to 31MHz — oscillator output for external system 
timing 

Clock halt, single-step and wait controls 

Variable cycle lengths — 1-of-8 different cycle lengths may be 
programmed 

20-Pin package 

100% product assurance screening to MIL-STD-883 
requirements 


LOGIC DIAGRAM 


OSCILLATOR Suen 


{> 
OSCILLATOR 


CRYSTAL 


WAIT ACK 
i> 


CLOCK 1 
L GEN 
+ CO 


CYCLE J 
LENGTH } 2 
30 CLOCK 2 
GEN 


CLOCK 3 
GEN 
HALT REQ CS 
SINGLE STEP CLOCK 
SINGLE STEP L> CONTROL 
CLOCK 4 
WAIT REQ C> GEN 


READY CO 


INITIALIZE (> 


FUNCTIONAL DESCRIPTION 


The Am2925 is a single-chip general purpose clock generator/ 
driver. Itis controlled by a crystal, selected by the designer, and is 
microprogrammable to meet a variety of system speed require- 
ments. The Am2925 generates four different clock output 
waveforms tailored to meet the needs of Am2900 and other 
bipolar and MOS microprocessor based systems. Also, variable 
cycle lengths may be generated under microprogram control. 
One-of-eight different cycle lengths may be microprogrammed 
using the Cycle Length inputs L1, L2, and L3. 


The Am2925 oscillator runs at frequencies up to 31MHz. An input 
pin is provided for a tank circuit which allows the use of overtone 
mode crystals. A buffered oscillator output is provided for external 
system timing. 


Clock halt, single-step and wait controls are provided for the 
Am2925. The HALT REQ input halts the clocks; the clocks re- 
sume when the HALT REQ input is deactivated. The SINGLE- 
STEP input, which operates only when the clocks are halted, 
generates the clocks for a single cycle. The WAIT REQ input 
stops the clocks and puts the Am2925 in a “wait’’ state. In this 
state, the clocks remain stopped until an asynchronous READY 
input signal is received. The WAIT ACK output indicates when the 
Am2925 is in the “wait” state. The WAIT REQ and READY inputs 
are pulse sensitive and are overridden by the HALT REQ input. 


One-of-eight cycle lengths may be microprogrammed using the 
L1, L2, and L3 inputs. There are four clock output waveforms for 
each of the eight possible cycle lengths. 


LOGIC SYMBOL 


INITIALIZE Am2925 
HLT 

SINGLE STEP 
WAIT REQ 
READY C, Co Cz Cy 


WAIT ACK FO 


CLOCK OUTPUTS 
ee, 


Vcc = Pin 20 
GND = Pin 10 


CONNECTION DIAGRAM 
Top View 


Note: Pin 1 is marked for orientation. 
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Am2930 


Program Control Unit 


DISTINCTIVE CHARACTERISTICS 


Powerful, 4-bit slice address controller for memories 

Useful with both main memory and microprogram memory 
Expandable to generate any address length 

Executes 32 instructions 

Automatic generation of address and update of program 
counter for fetch cycles, branch cycles, and subroutine call 
and return 

Contains cascadable full adder 

Twelve different relative address modes are provided, in- 
cluding jump-to-subroutine relative and return-from-sub- 
routine relative 

Built-in condition code input 

Sixteen instructions are dependent on external condition 
control 

Seventeen-level push/pop stack 

On-chip storage of subroutine return addresses nested up to 
17 levels deep 

Separate incrementer for program counter 

A relative address may be computed and PC may be incre- 
mented by one on a single cycle 


LOGIC SYMBOL 


1 27 26 25 24 20 19 18 17 


Am2930 


Vec = Pin 28 
GND =Pin 14 
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GENERAL DESCRIPTION 


The Am2930 is a four-bit wide Program Control Unit intended 
to perform machine level addressing functions, although the 
device can also be used as a microprogram sequencer. Four 
Am2930’s may be interconnected to generate a 16-bit address 
(64K words). The Am2930 contains a program counter, a sub- 
routine stack, an auxiliary register, and a full adder for com- 
puting relative addresses. 


The Am2930 performs five types of instructions. These are: 
1) Unconditional Fetch; 2) Conditional Jump; 3) Conditional 
Jump-to-Subroutine; 4) Conditional Return-from-Subroutine; 
and 5) miscellaneous instructions. 


There are four sources of data for the adder which generates 
the Address outputs (Yg-Y3). These are: 1) the Program 
Counter (PC); 2) the Stack (S); 3) the auxiliary Register(R); 
and 4) the Direct inputs (D). Under control of the Instruction 
inputs (!9-14), the multiplexers at the adder inputs allow var- 
ious combinations of these terms to be generated at the three- 
state Y address outputs. The instruction lines also control the 
updating of the program counter and the auxiliary register. A 
condition code input is provided for conditional instructions. 


BLOCK DIAGRAM 


17X4 
Aux. CE REGISTER 
REGISTER STACK 
{R) (s) 
(LIFO) 


PROGRAM 
A B COUNTER 
MULTIPLEXER REGISTER 


(PC) 
8 
FULL ADDER 


PC 
MULTIPLEXER 


A 
1) 


INSTRUCTION 
DECODER 


CP Vcc GND 
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ARCHITECTURE OF THE Am2930 


The Am2930 is a bipolar Program Control Unit intended for use 
in high-speed microprocessor applications. The device is a cas- 
cadable, four-bit slice such that three devices allow addressing 
of up to 4K words of memory and four devices allow addressing 
of up to 64K words of memory. 


As shown ‘in the Block Diagram, the device consists of the 
following: 
1) A full adder with input multiplexers 
2) A Program Counter Register with an incrementer and an 
input multiplexer 
3) A 17 x 4 Last-In, First-Out (LIFO) stack consisting of an 
input multiplexer, a 17 x 4 RAM, and a Stack Pointer 
4) An auxiliary register with an input multiplexer 
5) An instruction decoder 
6) Four 3-state output buffers on the address outputs 


The following paragraphs describe each of these blocks in detail. 


Full Adder 


The Full Adder is a binary. device with full lookahead carry 
logic for high-speed addition and provision is made for further 
lookahead by including both carry propagate (P) and carry 
generate (G) outputs. In slower systems, the carry output 
(Cyh+4) can be connected to the next higher Cy to provide 
ripple block arithmetic. The carry input to the adder (Cp) is 
internally inhibited during those instructions which do not re- 
quire an addition to be performed. For these instructions, the 
data is passed directly through the adder, independent of the 
state of Cp. 


The multiplexers at the A and B inputs of the adder are con- 
trolled by the Instruction decoder which selects the appropriate 
adder inputs for the selected instruction. 


Program Counter 


The program counter consists of a register preceeded by an 
incrementer. The Program Counter Register (PC) is a four-bit, 
edge-triggered, D-type register which is loaded from the incre- 
menter output on the LOW-to-HIGH transition of the clock 
input (CP) at the end of every instruction. 


The incrementer utilizes full lookahead logic for high speed. 
For cascading devices, the carry output of the incrementer 
(Cj+4) is connected to the incrementer carry input (Cj) of the 
next higher device. The output of the incrementer, which is 
loaded into the PC, is equal to the incrementer input plus Cj. 
Therefore, it is possible to control the entire cascaded incre- 
menter from the Cj input of the least significant device; a LOW 
on the Cj input of the least significant device will simply pass 
the data from the multiplexer output to the inputs of PC; a 
HIGH will cause the outputs of the multiplexer to be incre- 
mented before they are loaded into PC. During three instruc- 
tions (unconditional Hold and conditional Hold and Suspend 
when the CC input is LOW), the Cj input is internally inhibited; 
therefore, data is passed from the multiplexer output to the PC 
without incrementing. The multiplexer selects the input to the 
incrementer from either PC or the output of the Full Adder, 
depending upon the instruction being executed. During the 
Jump, Jump-to-Subroutine, and Return instructions, the multi- 
plexer chooses the Full Adder outputs as the input to the in- 
crementer if the CC input is LOW. The Full Adder output is 
also selected for the Reset instruction. For all other instruc- 
tions, the PC is selected as the input to the incrementer. 


Am2930 


17 x 4 LIFO Stack 


The 17x 4 LIFO stack consists of a multiplexer, a 17x 4 RAM, 
and a Stack Pointer (SP) which address the words in the RAM. 


The SP always points to the last word written into the RAM 
(Top of the Stack). The Top of the Stack (S) is available at the 
output of the RAM. 


Data is pushed onto the Top of the Stack from either D or PC. 
It is written into memory location SP+1. The SP is incremented 
on the LOW-to-HIGH clock transition at the end of the cycle 
so that it still points to the last data written into the RAM. 


Fora Pop operation, the contents of the RAM are not changed, 
but the SP is decremented at the end of the cycle so that it 
then points to the new Top of the Stack. 


The SP is an up/down counter which changes state on the 
LOW-to-HIGH transition of the Clock input. It is internally 
prevented from incrementing when the stack is full and from 
decrementing when the Stack is empty. When the Stack is full, 
the RAM write circuitry is also inhibited. 


The active LOW Empty output (EMPTY) is LOW when the 
stack is empty (after the Reset instruction and after the last 
word has been Popped from the stack); the active LOW Full 
output (FULL) is LOW either when the stack is full or when 
the current instruction being executed will fill the stack (during 
and after the 17th Push). 


Auxiliary Register (R) 


The Auxiliary Register (R) can be loaded from either the Direct 
inputs (D) or the output of the Full Adder. It is loaded on the 
LOW-to-HIGH transition of the clock input (CP) if the Regis- 
ter Enable input (RE) is LOW or if the Instruction inputs call 
for it to be loaded. When RE is LOW, R is loaded from the D 


inputs unless the Instruction dictates that R be loaded from 
the output of the Full Adder. 


Instruction Decoder 


The Instruction Decoder generates the signals necessary to 
establish the data paths and to enable the loading of the PC, 
R, SP, and RAM. 


For unconditional instructions, the cc input is not utilized; 
it may be either HIGH or LOW. For conditional instructions, 
if CC is LOW, the condition is met and the conditional oper- 
ation is performed: if CC is HIGH, a Fetch PC is performed. 


Output Buffers 


The Address outputs (YQ-Y3) are three-state drivers which 
may be disabled either under Instruction control or by a HIGH 
on the Output Enable input (OE). Disabling the Y outputs does 
not affect the execution of instructions inside the Am2930. 


Instruction Enable 


When HIGH, the Instruction Enable input (IEN) forces PC and 
SP into the hold mode and disables the write circuitry to the 
RAM. The auxiliary register (R) is under control of the RE in- 
put when IEN is HIGH, independent of the state of the Instruc- 
tion inputs. The IEN input does not affect the combinatorial 
data paths or Y outputs in the Am2930. The data paths are 
selected by the Instruction and CC inputs and are not affected 
by JEN. 
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Am2930 
TABLE | — Am2930 INSTRUCTION SET 


Next State (after cP _§) (Note 3) 


Instruction 
Number 


x 


Instruction 
Disable 


RESET “ONC; 
FETCH PC PC+C; 

FETCH R PC+C; 

FETCH D PC+C; 

FETCH R+D R+D+C, PC+C; 

FETCH PC+D PC+D+C, | PCHC; 

FETCH PC+R PC+R+C, | PC+C; 

FETCH S+D S+D+Cy PC+C; 

FETCH PC>R PC PC+C; 

FETCH RtD>R_ | R+D+Cy PC+C; 

LOAD R PC PC+C; 

PUSH PC PC PC+C; D Loc SP+1 
PUSH D PC PC+C; Loc SP+1 
POP S s PC+C; 

POP PC PC PC+C; 

HOLD PC = 


aoanoah wn 0 


ps Cis! OR Ge Ce Sm Bg CANS ANN ca oc Cama Ome] vane PRS CORR 
Le ee ee ee ae ee 
pe cgi gD cai ence oct RS a coe Oe | ec coma” Ole OEM Ce] a 
Lr ee eee ee ore 
x KKK KK KK KK KKK KK OK 
Per er Pere ee oc ee oe ee 


L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 


x< 
x< 
x 
x< 


FAIL COND'L PC PC+Cj 
TEST (FETCH PC) 





HLLLELEL L JUMP R R R+Cj D 
HLLULLHEL L JUMP D D D+C; D 
HELHL EL L JUMP “0” "0" “O"'+Cj D 
HLELHHAHL L JUMP R+D R+D+C, R+D+C,+C; D 
HL HELL L JUMP PC+D PC+D+C, PC+D+C,+C; D 
HbLEHULH EL L JUMP PC+R PC+R+Cy PC+R4+Cy+C;j D 
HL HHL EL L JSBR R R+C; D Loc SP+1 
HL HHH L L JSB D D D+C; D Loc SP+1 
HHELELULL EL L JSB “’O" “0” “O"+C; D Loc SP+1 
HHLLHEL L JSB R+D R+D+C, R+D+C,+C; D Loc SP+1 
HHLHL EL L JSB PC+D PC+D+Cy, PC+D+C,+Cj D Loc SP+1 
HHL HHL L JSB PC+R PC+R+Cy PC+R4+CytCj D Loc SP+1 
H HHELEL EL L RETURN §$ s S+C;j D 
HHHLH EL L RETURN S+D S+D+C, $+D+C,tCj D 
HHH HL L L HOLD PC - D 
HHH HH L L SUSPEND Z (Note 2) = D 
PC — Program Counter SP — Stack Pointer 
R — Auxiliary Register D — Direct Inputs 


Notes: 1. When IEN is HIGH, the Yo-Y3 outputs contain the same data as when IEN is LOW, as determined by lo-14 and CC. 
2. Z = High impedance state (outputs “OFF”). 
3. — = No change 
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Am2930 INSTRUCTION SET 


The Am2930 Instruction set can be divided into five types of 
instructions. These are: 


@ Unconditional Fetches 

@ Conditional Jumps 

@ Conditional Jumps-to-Subroutine 

® Conditional Returns-from-Subroutine 
@ Miscellaneous Instructions 


The following paragraphs describe each of these types in detail. 


Unconditional Fetches 


As can be seen from Table 1, there are nine unconditional 
Fetch instructions (Instructions 1-9). Under control of the 
Instruction inputs, the desired function is placed at the Y out- 
puts. For all Fetch instructions, PC is incremented if Cj of the 
least significant device is HIGH. For Instructions 1 through 7, 
the auxiliary register is under control of the RE input. For 
Instructions 8 and 9, R is loaded with PC and R + D, respec- 
tively. The RAM and Stack Pointer are not changed during a 
Fetch instruction. 


Conditional Jumps 


There are six conditional Jump instructions (Instructions 16 
through 21). Under control of the Instruction inputs, the de- 
sired function is placed at the Y outputs. Additionally, the 
desired function is incremented if Cj of the least significant 
device is HIGH and loaded into PC. During these instructions, 
R is controlled by RE. The RAM and Stack Pointer are not 
changed during these instructions. The above operations are 
performed if the CC input is LOW; if CC is HIGH, a Fetch PC 
operation is performed. 


Conditional Jumps-to-Subroutine 


There are six conditional Jump-to-Subroutine instructions 
{Instructions 22 through 27). Under control of the Instruction 
inputs, the desired function is placed on the Y outputs. On 
the rising edge of the clock the data on the Y outputs is 
incremented and loaded into PC, PC is loaded into the RAM at 
location SP+1; and SP is incremented. 


As with Conditional Jump Instructions, R is controlled by RE 
and whether the Jump-to-Subroutine or Fetch PC is performed 
depends upon the state of the CC input. 


Conditional Returns-from-Subroutine 


There are two conditional Return-from-Subroutine instructions 
(Instructions 28 and 29). Under contro! of the instruction in- 
puts, either S or S+D is placed at the Y outputs. Additionally, 
the selected function is incremented and loaded into PC and 
SP is decremented at the end of the cycle (on the rising edge 
of the clock). 


Am2930 


As with the Condition Jump and Jump-to-Subroutine Instruc- 
tions, R is controlled by RE and whether the Return-from- 
Subroutine or Fetch PC is performed depends upon the state 
of the CC input. 


Miscellaneous Instructions 


Each of the nine miscellaneous instructions is described 
individually. 


Reset (Instruction 0) 

The Reset instruction forces the Y outputs to zero, loads either 
zero or one into PC, depending upon the Cj input of the least 
significant device, and resets SP. The RAM is unchanged and 
R is controlled by RE. 

Load R (Instruction 10) 

This instruction loads the data on the D inputs into R. PC is 
either incremented or held depending upon Cj of the least sig- 
nificant device. The SP and RAM are not changed. 

Push PC (Instruction 11) 

This instruction is the same as Fetch PC except that PC is 
loaded into RAM and SP is incremented at the end of the 
cycle;i.e., the current PC is Pushed onto the stack. 

Push D (Instruction 12) 

This instruction is the same as Fetch PC except that D is loaded 
into the RAM and SP is incremented at the end of the cycle; 
i.e., external data is Pushed onto the stack. 

Pop S (Instruction 13) 

This instruction places the Top of the Stack (S) at the Y out- 
puts and decrements SP at the end of the cycle. The PC is 
incremented if the Cj input of the least significant device is 
HIGH. R is controlled by RE. 

Pop PC (Instruction 14) 

This instruction is the same as Fetch PC except SP is decre- 
mented at the end of the cycle, causing the data at the top of 
the stack to be lost. 

Hold (Instruction 15) 

This instruction places PC at the Y outputs and inhibits any 
change in PC, SP, and RAM. R is controlled by RE. 
Conditional Hold (Instruction 30) 


This instruction is the same as Hold except CC must be LOW. 
If CC is HIGH, the Fetch PC instruction is performed. 


Suspend (Instruction 31) 


The Suspend instruction is the same as th Conditional Hold 
instruction except_the Y outputs are forced into the high- 
impedance state if CC is LOW. 
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APPLICATIONS 


The Am2930 is shown in a typical 16-bit, 2900 Microcomputer 
design in Figure 1. 


The Direct inputs (D) of the Am2930 are derived from one of 
three sources: the Instruction Register, the Data Bus via a 16- 
bit register (two Am2920 8-bit Registers), and the output of 
the Am2901’s via a 16-bit register. 


The Address outputs (Y) of the Am2930 are loaded into a 16- 
bit Memory Address Register (MAR). Although the MAR is 
shown as part of the CPU, in some applications it may be part 
of the memory. 


An Am2902 High-Speed Lookahead Carry Generator is uti- 
lized to provide high-speed relative and indexed addressing. In 
slower systems, the Cyj+q4 output can be wired to the next 
higher Cy, input to provide ripple block arithmetic. 


PIN DEFINITIONS 


19-4 The five Instruction control lines to the Am2930, 
used to establish data paths and enable interna 
registers. ; 


The Instruction Enable Input, used: to enable and 
disable internal registers. When IEN is LOW, all in- 
ternal registers are under control of the Instruction 
inputs. When [EN is HIGH, all internal registers ex- 
cept R are inhibited from changing state. R is con- 
trolled by the RE input. The [EN input does not 
affect the combinatorial data paths and the outputs 
established by the Instruction inputs. 


The Condition Code input determines whether or 
not a conditional instruction (Instructions 16-31) is 
performed. If CCis LOW, the conditional instruction 
is executed. If CC is HIGH, Fetch PC (Instruction 1) 
is executed. The CC input may be either HIGH or 
LOW for unconditional instructions (Instructions 
0-15). 


The Register Enable input for the Auxiliary Register 
(R). A LOW on RE causes the Auxiliary Register 
(R) to be loaded from the D inputs unless Instruc- 
tion 8 or 9 is being executed and IEN is LOW. 


Am2930 


The Condition Code input (CC) is derived from the same con- 
dition code multiplexer which generates the condition code in- 
put for the microprogram sequencer. 


The control inputs of the Am2930 (lo.4, IEN, RE, OE, and Cj 
and Cp of the least significant device) are shown originating at 
the Pipeline Register. Although it is not shown in Figure 1, it 
is possible to share the Pipeline Register outputs which go to 
these pins with another device. This can be accomplished if 
both the Am2930 and the other device do not operate on the 
same microcycle. Forcing the [EN input HIGH inhibits any 
changes in the Am2930 internal registers, independent of the 
state of these seven inputs. This allows the Am2930 to be 
placed in a hold mode while the other device is using the same 
Pipeline Register outputs as control signals. 


The carry-in to the Full Adder. 

The carry-out of the Full Adder. 

The carry generate and propagate outputs of the Full 
Adder. 

The carry-in to the program counter incrementer. 
The carry-out of the program counter incrementer. 


The four address outputs of the Am2930. These are 
three-state output lines. When enabled, they display 
the outputs of the Full Adder. 


Output Enable. When OE is HIGH, the Y outputs 
are OFF (high-impedance); when OE is LOW, the Y 
outputs are active (HIGH or LOW). 

The four Direct inputs which are used as inputs to 
the Auxiliary Register, the RAM, and the Full 
Adder, under instruction control. 


The Empty output is LOW when the Stack is empty. 


The Full output is LOW when the LIFO stack is full 
— during and after the 17th push operation. 


The clock input to the Am2930. All internal reg- 
isters (R, SP, PC) and the RAM are updated on the 
LOW-to-HIGH transition of the clock input. 
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Am2930 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to Vec max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30mA 
DC Input Current —30mA to +5.0mA 


OPERATING RANGE 


Part Number Temperature Vcc 
Am2930PC, DC Ta = 0°C to +70°C 4.75V to 5.25V 








Am2930DM, FM Tce = —55°C to +125°C 4.50V to 5.50V 





DC CHARACTERISTICS OVER OPERATING RANGE 


Typ. 
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 








Yo. Y1, Ya. Ya 
G, Cn+4, 
Ci+4 

















Voc = MIN., 


Output HIGH Voltage 
“ 2 Vin = Vir or Vin 























Voc = MIN. 


Vv Output LOW Voltage 
cs P Vin = Vic or Vin 


Volts 


_ Hor =16ma (mit) | | | 
G, C 
Ea ee 
es ce 


ae [ete 


Es Prete | 
ee = 


ae 


[=.s57 | ™ 


~-2.31 











Input HIGH Level (Note 4) 
Vit Input LOW Level (Note 4) 
Input Clamp Voltage 


















Vec = MIN., ly = —18MA 











Io—4, RE, IEN, 


CP, OE 


Io—4, RE, IEN, 










lie Input LOW Current Voc = MAX., Vin = 0.5V 


{ 
nN | 
Clk 
a 
.~ 
> 






















Input HIGH Current Vec = MAX.,, Vin = 2.7V 





/ 


Ch 


| t)_ [Input HIGH Current Voc = MAX., Vin = 5.5V 


Output Short Circuit Current 
isc (Note 3) Voc = MAX —30 
| a V = 0.5V 
Output OFF Current Voc = MAX., OF = 2.4v | —OUT 
lozH Vout = 2.4V 


Vec = 5.0V Ta = 25°C 
lec 


Ta = 0°C to +70°C 


Notes: 1.For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Durationof the short circuit test should not exceed one second. 
4. These input levels provide no guaranteed noise immunity and should only be tested in a static-, noise-free environment. 


3 
> 





3 
> 











Power Supply Current 


4 
> 


> 
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Am2930 
SWITCHING CHARACTERISTICS (Room Temperature Performance) 


Tables I, Il, and III define the timing characteristics of the Am2930 TABLE | 
at 25°C and 5.0V. The tables divide the parameters into three Clock Characteristics 


types: clock characteristics, combinational delays from inputs to 
Minimum Clock LOW Time | sons 


outputs, and set-up and hold times relative to the clock pulse. 
Measurements are made at 1.5V with V,, = OV and Vi, = 3.0V. 
Minimum Clock HIGH Time 


For three-state disable tests, C, = 5.0pF and measurement is to 
0.5V change on output voltage level. 





TABLE II 
Combinational Propagation Delays, All in ns. 
Outputs fully loaded. C, = 50pF (except output disable tests) 


MAXIMUM, 5.0V, 25°C 








TABLE Ill 
Set-up and Hold Times. All in ns. 
All relative to clock LOW-to-HIGH transition. 


ae 
= 
es eo eae eee er 
let le ee 

aca aes 


a ae 









es a 
i 
3 





D—> R or Stack 





2-191 


Am2930 


OUTPUT CIRCUIT CURRENT INTERFACE 


DRIVEN INPUTS 


Cy, 66 ; ALL OTHERS 


Note; C; input is connected to both configurations in parallel. 


DRIVING OUTPUTS 


ALL OTHER O/P’s Yo-3 
DRIVING OUTPUT DRIVING OUTPUT 


Note; Actual current flow direction shown. 
MPR-224 
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CONNECTION DIAGRAM 
Top View 


Am2930 


Note: Pin 1 is marked for orientation. 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Order Number 


AM2930PC 
AM2930DC 
AM2930DC-B 
AM2930DM 
AM2930DM-B 
AM2930FM 
AM2930FM-B 


AM2930XC 
AM2930XM 


Package Type Temperature Range Screening Level 
(Note 1) (Note 2) (Note 3) 


P-28 C-1 
D-28 C-1 
D-28 B-1 
D-28 C-3 
D-28 B-3 
F-28 C-3 
F-28 B-3 
Dice Visual inspection 


=£oO 2222000 


Di to MIL-STD-883 
ice Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = 0°C to +70°C, M = —55°C to +125°C. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 
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Am2940 


DMA Address Generator 
Advance Information 


DISTINCTIVE CHARACTERISTICS 


e@ DMA Address Generation 
Generates memory address, word count and DONE signal for 
DMA transfer operation. 
Expandable Eight-bit Slice 
Any number of Am2940’s can be cascaded to form larger 
memory addresses — three devices address 16 megawords. 
Repeat Data Transfer Capability 
Initial memory address and word count are saved so that the 
data transfer can be repeated. 
Programmable Control Modes 
Provides four types of DMA transfer control plus memory 
address increment/decrement. 
High Speed, Bipolar LSI 
Advanced Low-Power Schottky TTL technology provides typi- 
cal CLOCK to DONE propagation delay of 40ns and 24mA 
output current sink capability. 
Microprogrammable 
Executes 8 different instructions. 


GENERAL DESCRIPTION 


The Am2940, a 28-pin member of Advanced Micro Devices 
Am2900 family of Low-Power Schottky bipolar LSt chips, is a 
high-speed, cascadabie, eight-bit wide Direct Memory Access 
Address Generator slice. Any number of Am2940’s can be cas- 
caded to form larger addresses. 


The primary function of the device is to generate sequential 
memory addresses for use in the sequential transfer of data to or 
from a memory. It also maintains a data word count and gener- 
ates a DONE signal when a programmable terminal count has 
been reached. The device is designed for use in peripheral con- 
trollers with DMA capability or in any other system which transfers 
data to or from sequential locations of a memory. 


The Am2940 can be programmed to increment or decrement the 
memory address in any of four control modes, and executes eight 


‘different instructions. The initial address and word count are 


saved internally by the Am2940 so that they can be restored later 
in order to repeat the data transfer operation. 


BLOCK DIAGRAM 


ADDRESS REGISTER 


MULTIPLEXER 
0 7 


INSTRUCTION 
(ig—la) 


WORD COUNT 
REGISTER 


MULTIPLEXER 
0 
CONTROL 
REG 


3 INSTRUCTION : 
DECODER . 


Am2940 DMA Address Generator 
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Am2940 ARCHITECTURE | 


As shown in the Block Diagram, the Am2940 consists of the 
following: 
e A three-bit Control Register. 
An eight-bit Address Counter with input multiplexer. 
An eight-bit Address Register. 
An eight-bit Word Counter with input multiplexer. 
An eight-bit Word Count Register. 
Transfer complete circuitry. 
An eight-bit wide data multiplexer with three-state output buff- 
ers. 
@ Three-state address output buffers with external output enable 
control. 
@ An instruction decoder. 


Control Register 


Under instruction control, the Control Register can be loaded or 
read from the bidirectional DATA lines Dg-D7. Control Register 
bits 0 and 1 determine the Am2940 Control Mode, and bit 2 
determines whether the Address Counter increments or decre- 
ments. Figure 1 defines the Control Register format. 


Address Counter 


The Address Counter, which provides the current memory ad- 
dress, is an eight-bit, binary, up/down counter with full look-ahead 
carry generation. The Address Carry input (ACI) and Address 
Carry Output (ACO) allow cascading to accommodate larger 
addresses. Under instruction control, the Address Counter can 
be enabled, disabled, and loaded from the DATA inputs, Dg-D7, or 
the Address Register. When enabled and the ACI input is LOW, 
the Address Counter increments/decrements on the LOW to 
HIGH transition of the CLOCK input, CP. The Address Counter 
output can be enabled onto the three-state ADDRESS outputs 
Ao-Az under control of the Output Enable input, OE,. 


Address Register 


The eight-bit Address Register saves the initial address so that it 
can be restored later in order to repeat a transfer operation. When 
the LOAD ADDRESS instruction is executed, the Address Regis- 
ter and Address Counter are simultaneously loaded from the 
DATA inputs, Do-D;. 


Am2940 


Word Counter and Word Count Register 


The Word Counter and Word Count Register, which maintain and 
save a word count, are similar in structure and operation to the 
Address Counter and Address Register, with the exception that 
the Word Counter increments in Control Modes 1 and 3, decre- 
ments in Control Mode 0, and is disabled in Control Mode 2. The 
LOAD WORD COUNT instruction simultaneously loads the Word 
Counter and Word Count Register. 


Transfer Complete Circuitry 


The Transfer Complete Circuitry is acombinational logic network 
which detects the completion of the data transfer operation in 
three Control Modes and generates the DONE output signal. The 
DONE signal is a open-collector output, which can be dot-anded 
between chips. 


Data Multiplexer 


The Data Multiplexer is an eight-bit wide, 3-input multiplexer 
which allows the Address Counter, Word Counter, and Control 
Register to be read at the DATA lines, Dg-D7. The Data Mul- 
tiplexer and three-state Data output buffers are instruction con- 
trolled. 


Address Output Buffers 


The three-state Address Output Buffers allow the Address 
Counter output to be enabled onto the ADDRESS lines, Ap-Ayz, 
under external control. When the Output Enable input, OEa, is 
LOW, the Address output buffers are enabled; when OE, is 
HIGH, the ADDRESS lines are in the high-impedance state. The 
address and Data Output Buffers can sink 24mA output current 
over the commercial operating range. 


Instruction Decoder 


The Instruction Decoder generates required internal control sig- 
nals as a function of the INSTRUCTION inputs, Io-l2 and Control 
Register bits 0 and 1. 


Clock 


The CLOCK input, CP is used to clock the Address Register, 
Address Counter, Word Count Register, Word Counter, and Con- 
trol Register, all on the LOW to HIGH transition of the CP signal. 


Control! Register 


Control Mode Control Word Done 
2 Number Mode Type Counter Output Signal 


Word Count Equals One 
Word Count Compare 
Address Compare Hold 


Word Counter Carry out 


Decrement 


Increment 


Increment 


HIGH when Word Counter = 1 

HIGH when Word Counter +1 equals Word Count Register 
HIGH when Word Counter = 
Always LOW. 


Address Counter 


Address Counter 


L Increment 
H Decrement 


Figure 1. Control Register Format Definition. 
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BLOCK DIAGRAM 


WORD COUNT 
ADDRESS REGISTER REGISTER 


MULTIPLEXER 


oO 


CONTROL 


ADDRESS COUNTER WORD COUNTER REG 


0 


TRANSFER COMPLETE 
CIRCUITRY DATA MULTIPLEXER 


INSTRUCTION INSTRUCTION 
(Ig—lp) DECODER cP 


Am2940 DMA Address Generator 
MPR-226 


LOGIC SYMBOL CONNECTION DIAGRAM 
Top View 


Am2940 
ADDRESS 


Am2940 


INSTRUCTION 


Note: Pin 1 is marked for orientation 
MPR-227 MPR-228 
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Am2940 CONTROL MODES 


Control Mode 0 — Word Count Equals One Mode 

In this mode, the number of data words to be transferred is initially 
loaded into the Word Counter and Word Count Register. When 
the Word Counter is enabled and the Word Counter Carry-in, 
WCI, is LOW, the Word Counter decrements on the LOW to HIGH 
transition of the CLOCK input, CP. The DONE signal is generated 
during the last word transfer, i.e. when the Word Counter 
equals one. 

Control Mode 1 — Word Count Compare Mode 

Initially, the number of data words to be transferred is loaded into 
the Word Count Register and the Word Counter is cleared. When 
the Word Counter is enabled and the WCI inputis LOW, the Word 
Counter increments on the LOW to HIGH transition of the CLOCK 
input, CP. In this mode, the Word Counter always indicates the 
number of data words that have been transferred. The Transfer 
Complete Circuitry compares the Word Counter with the Word 
Count Register and generates the DONE signal during the last 
word transfer, i.e. when the Word Counter plus one equals the 
Word Count Register. 


Control Mode 2 — Address Compare Mode 

In this mode, only an initial and final memory address need be 
specified. The initial Memory Address is loaded into the Address 
Register and Address Counter and the final memory address is 
loaded into the Word Count Register and Word Counter. The 
Word Counter is always disabled in this mode and serves as a 
holding register for the final memory address. When the Address 
Counter is enabled and the ACI input is LOW, the Address 
Counter increments or decrements (depending on Control Regis- 
ter bit 2) on the LOW to HIGH transition of the CLOCK input, CP. 
The Transfer Complete Circuitry compares the Address Counter 
with the Word Counter and generates the DONE signal during the 
last word transfer, i.e. when the Address Counter equals the 
Word Counter. 


Control Mode 3 — Word Counter Carry Out Mode 


For this mode of operation, the user can load the Word Count 
Register and Word Counter with the two’s complement of the 
number of data words to be transferred. When the Word Counter 
is enabled and the WCI input is LOW, the Word Counter incre- 
ments on the LOW to HIGH transition of the CLOCK input, CP. A 
Word Counter Carry Out signal, WCO, indicates the last data 
word is being transferred. The DONE signal is not required in this 
mode and, therefore, is always LOW. 


Am2940 


Am2940 INSTRUCTIONS 


The Am2940 instruction set consists of eight instructions. Six 
instructions load and read the Address Counter, Word Counter 
and Control! Register, one instruction enables the Address and 
Word counters, and one instruction reinitializes the Address and 
Word Counters. The function of the REINITIALIZE COUNTERS, 
LOAD WORD COUNT, and ENABLE COUNTERS instructions 
varies with the Contro! Mode being utilized. Table 1 defines the 
Am2940 Instructions as a function of Instruction inputs I9-lz and 
the four Am2940 Control Modes. 


The WRITE CONTROL REGISTER instruction writes DATA 
input Do-Dz into the Control Register; DATA inputs D3-D7 are 
“don’t care” inputs for this instruction. The READ CONTROL 
REGISTER instruction gates the Control Register outputs to 
DATA lines, Do-D2. DATA lines D3-D7 are in the HIGH state 
during this instruction. 


The Word Counter can be read using the READ WORD 
COUNTER instruction, which gates the Word Counter outputs to 
DATA lines Dg-D7. The LOAD WORD COUNT instruction is 
Control Mode dependent. In Control Modes 0, 2, and 3, DATA 
inputs Do-D7 are written into both the Word Count Register and 
Word Counter. In Contro! Mode 1, DATA inputs Dp-D7 are written 
into the Word Count Register and the Word Counter is cleared. 


The READ ADDRESS COUNTER instruction gates the Address 
Counter outputs to DATA lines Dg-D7, and the LOAD ADDRESS 
instruction writes DATA inputs Do-D; into both the Address Reg- 
ister and Address Counter. 


In Control Modes 0, 1, and 3, the ENABLE COUNTERS instruc- 
tion enables both the Address and Word Counters; in Control 
Mode 2, the Address Counter is enabled and the Word Counter 
holds its contents. When enabled and the carry input is active, the 
counters increment on the LOW to HIGH transition of the CLOCK 
input, CP. Thus, with this instruction applied, counting can be 
controlled by the carry inputs. 


The REINITIALIZE COUNTERS instruction also is Control Mode 
dependent. In Control Modes 0, 2, and 3, the contents of the 
Address Register and Word Count Register are transferred to the 
respective Address Counter and Word Counter; in Control Mode 
1, the content of the Address Register is transferred to the Ad- 
dress Counter and the Word Counter is cleared. The 
REINITIALIZE COUNTERS instruction allows a data transfer 
operation to be repeated without reloading the address and word 
count from the DATA lines. 


TABLE |. Am2940 INSTRUCTIONS 


Octal 
Code 
Lote 0 


WRITE 
CONTROL 
REGISTER 


Control Word Address 
Mode Reg. Reg. 


HOLD HOLD HOLD 


Address Control 
Counter Register 


Dp-D2>CR | INPUT 





READ 
CONTROL 
REGISTER 


HOLD HOLD HOLD HOLD CR7D9-Do 
{Note 8 





READ 


WORD HOLD HOLD HOLD HOLD we>D 
COUNTER 








READ 
ADDRESS HOLD HOLD HOLD HOLD AC>D 


COUNTER 
WCR>WC HOLD AR->AC HOLD z 
ZERO-WC | HOLD AR~>AC HOLD z 


REINITIALIZE 
D~AC HOLD 














COUNTERS 


LOAD 
ADDRESS nor OmBRs 


D>WwC HOLD HOLD HOLD 
ZERO-WC | HOLD HOLD HOLD 
| ENABLE ENABLE 


























COUNT COUNT HOLD 


ENABLE HOLD 
COUNT 


ENABLE ENCT 
COUNTERS 











CR = Control Reg. 
AR = Address Reg. 
AC = Address Counter 


WCR = Word Count Reg. 
WC = Word Counter 
D = Data 


L = LOW 
H = HIGH 
Z = High Impedance 


Note 1: 
Data Bits D3-D7 are high during this instruction. 
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APPLICATIONS 


The Am2940 is designed for use in peripheral controllers with 
DMA capability or in any other system which transfers data to or 
from sequential locations of a memory. One or more Am2940’s 
can be used in each peripheral controller of a distributed DMA 
system to provide the memory address and word count required 
for DMA operation. 


Figure 3 shows a block diagram of an example micropro- 
grammed DMA peripheral controller. The Am2940 Microprogram 
Sequencer, Microprogram Memory, and the Microinstruction 
Register form the microprogram control portion of this peripheral 
controller. The Am2940 generates the memory address and 
maintains the word count required for DMA operation. An internal 
three-state bus provides the communication path between the 
Microinstruction Register, the Am2917 Data Tranceivers, the 
Am2940, the Am2901A Microprocessor, and the Device Inter- 
face Circuitry. 


The Am2940 interconnections are shown in detail in Figure 4. 
Two Am2940’s are cascaded to generate a sixteen-bit address. 
The Am2940 ADDRESS and DATA output current sink capability 
is 24mA over the commercial operating range. This allows the 
Am2940’s to drive the System Address Bus and Internal Three- 
State Bus directly, thereby eliminating the need for separate bus 
drivers. Three-bits in the Microinstruction Register provide the 
Am2940 Instruction Inputs, Ig-lz. The microprogram clock is used 
to clock the Am2940’s and, when the ENABLE COUNTERS 
instruction is applied, address and word counting is controlled by 
the CNT bit of the Microinstruction Register. 


Asynchronous interface contro! circuitry generates System Bus 
control signals and enables the Am2940 Address onto the Sys- 
tem Address Bus at the appropriate time. The open-collector 
DONE outputs are dot-anded and used as a test input to the 
Am2910 Microprogram Sequencer. 


SYSTEM ADDRESS BUS 


SYSTEM DATA BUS 


MICROPROGRAM 
MEMORY 
MICROINSTRUCTION 
REGISTER 


| 


MICRO— 
PROGRAM 
CONTROL 


Am2901A 
ALU’s 


Am2917A 


Am2910 
mane & MICROPROGRAM reese. DATA 
SEQUENCER TRANSCEIVERS 


Am2940 
DMA ADDRESS 
GENERATORS 


INTERNAL 3—-STATE BUS 


DEVICE 
INTERFACE 
CIRCUITS 


Figure 3. DMA Peripheral Controller Block Diagram. 
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MICROINSTRUCTION REG. 


TEST 
INPUT +5V 


INTERNAL 3~-STATE BUS 
SYSTEM ADDRESS BUS 
SYSTEM DATA BUS 


MICROPROGRAM ASYNCHRONOUS 
CLOCK INTERFACE re 
CONTROL 
CONTROL SIGNALS 
CIRCUITRY 


Figure 4. Am2940 Interconnections. 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Package Type Temperature Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 


AM2940PC P-28 C-1 
AM2940DC D-28 C-1 
AM2940DC-B D-28 B-1 
AM2940DM D-28 C-3 
AM2940DM-B D-28 B-3 
AM2940FM F-28 C-3 
AM2940FM-B F-28 B-3 


AM2940XC Dice Visual inspection 


ZO Z£222000 


! to MIL-STD-883 
AM2940XM Dice Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = 0°C to +70°C, M = —55°C to +125°C. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 
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Am2941 


Programmable Timer/Counter 
DMA Address Generator 


ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 


@ 22-pin version of Am2940 — 
Provides multiplexed Address and Data lines plus addi- 
tional Instruction Input and Instruction Enable pins. 
Can be used as either DMA Address Generator or Pro- 
grammable Timer Counter. 
Executes 16 instructions — 
Eight DMA instructions plus eight Timer/Counter instruc- 
tions 
Provides two independent programmable 8-bit up/down 
counters in a 22-pin package — 
Counters can be cascaded to form single-chip 16-bit up/ 
down counter. 
Reinitialize capability — 
Counters can be reinitialized from on-chip registers. 
Expandable eight-bit slice — 
Any number of Am2941’s can be cascaded. Three de- 
vices provide a 48 bit counter. 
Programmable contro! modes — 
Provide four types of control. 
High speed bipolar LS! — 
Advanced Low-Power Schottky TTL technology provides 
typical count frequency of 25MHz and 24mA output cur- 
rent sink capability. 


GENERAL DESCRIPTION 


The Am2941, a 22-pin version of the Am2940, can be used 
as a high-speed DMA address Generator or Programmable 
Timer/Counter. It provides multiplexed Address and Data 
lines, for use with a common bus, and additional Instruction 
Input and Instruction Enable pins. The Am2941 executes 16 
instructions; eight are the same as the Am2940 instructions, 
and eight instructions facilitate the use of the Am2941 as a 
Programmable Timer/Counter. The Instruction Enable input al- 
lows the sharing of the Am2941 instruction field with other de- 
vices. 


When used as a Timer/Counter, the Am2941 provides two in- 
dependent, programmable, eight-bit, up-down counters in a 
22-pin package. The two on-chip counters can be cascaded 
to form a single chip, 16-bit counter. Also, any number of 
chips can be cascaded — for example three cascaded 
Am2941’s form a 48-bit timer/counter. 


Reinitialization instructions provide the capability to reinitialize 
the counters from on-chip registers. Am2941 Programmable 
Control Modes, identical to those of the Am2940, offer four 
different types of programmable control. 


BLOCK DIAGRAM 


ADDRESS 
REGISTER 


INSTRUCTION [> 
ENABLE (I) 


INSTRUCTION 


INSTRUCTION [> DECODE 


WORD COUNT 
REGISTER 


WORD CONTROL 
COUNTER REGISTER 


DATA MULTIPLEXER 
Yo-¥7 


MPR-231 
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Am2941 ARCHITECTURE 


As shown in the Block Diagram, the Am2941 consists of the 

following: 

e A three-bit Contro! Register. 

e An eight-bit Address Counter with input multiplexer. 

e An eight-bit Address Register: 

e@ An eight-bit Word Counter with input mulitplexer. 

e An eight-bit Word Count Register. 

® Transfer complete circuitry. 

@ An eight-bit wide data multiplexer with three-state output 
buffers. 

@ An instruction decoder. 


Control Register 


Under instruction control, the Control Register can be loaded 
or read from the bidirectional DATA lines Do-D7. Control Re- 
gister bits O and 1 determine the Am2941 Control Mode, and 
bit 2 determines whether the Address Counter increments or 
decrements. Figure 1 defines the Control Register format. 


Address Counter 


The Address Counter, which provides the current memory ad- 
dress, is an eight-bit, binary, up/down counter with full look- 
ahead carry generation. The Address Carry input (ACI) and 
Address Carry Output (ACO) allow cascading to accommo- 
date larger addresses. Under instruction control, the Address 
Counter can be enabled, disabled, and loaded from the DATA 
inputs, Do-D7, or the Address Register. When enabled and 
the ACi input is LOW, the Address Counter increments/ 
decrements on the LOW to HIGH transition of the CLOCK in- 
put, CP. 


Address Register 


The eight-bit Address Register saves the initial address so 
that it can be restored later in order to repeat a transfer oper- 
ation. When the LOAD ADDRESS instruction is executed, the 
Address Register and Address Counter are simultaneously 
loaded from the DATA inputs, Dg-D7. 


Am2941 


Word Counter and Word Count Register 


The Word Counter and Word Count Register, which maintain 
and save a word count, are similar in structure and operation 
to the Address Counter and Address Register, with the excep- 
tion that the Word Counter increments in Control Modes 1 
and 3, decrements in Control! Mode 0, and is disabled in Con- 
trol Mode 2. The LOAD WORD COUNT instruction simultane- 
ously loads the Word Counter and Word Count Register. 


Transfer Complete Circuitry 


The Transfer Complete Circuitry is a combinational logic net- 
work which detects the completion of the data transfer opera- 
tion in three Control Modes and generates the DONE output 
signal. The DONE signal is a open-collector output, which can 
be dot-anded between chips. 


Data Multiplexer 


The Data Multiplexer is an eight-bit wide, three-input multip- 
iexer which allows the Address Counter, Word Counter and 
Control Register to be read at DATA lines Dyp-D7. The Data Mul- 
tiplexer output, Yo-Y7, is enabled onto DATA lines Do_7 if and 
only if the Output Enable input, OEp, is LOW. (Refer to Figure 
2.) 


Instruction Decoder 


The Instruction Decoder generates required internal control 
signals as a function of the INSTRUCTION inputs, Ip-l3 Con- 
tro! Register bits 0 and 1, and the INSTRUCTION ENABLE 
input, Ie. 


Clock 

The CLOCK input, CP is used to clock the Address Register, 
Address Counter, Word Count Register, Word Counter, and 
Control Register, all on the LOW to HIGH transition of the CP 
signal. 


Control Register 


Control Mode Control Word Done 
Number Mode Type Counter Output Signal 


Word Count Equals One 
Word Count Compare 

Address Compare Hold 
Word Counter Carry out 


Decrement 


Increment 


increment 


HIGH when Word Counter = 1 

HIGH when Word Counter +1 equals Word Count Register 
HIGH when Word Counter = 
Always LOW. 


Address Counter 


| CRe | Address Counter 


L Increment 
H Decrement 


Figure 1. Control Register Format Definition. 
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BLOCK DIAGRAM 


ADDRESS 
REGISTER 


WORD 
COUNTER 


INSTRUCTION [> 
ENABLE (Ig) 


INSTRUCTION 


INSTRUCTION [> DECODE 


(Io-13) 


LOGIC SYMBOL 


Am2941 


INSTRUCTION 


Vec = Pin6 
GND = Pin 17 
MPR-232 
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WORD COUNT 
REGISTER 


DATA MULTIPLEXER 
Yo-Y7 


CONNECTION DIAGRAM 
Top View 


Am2941 


Note: Pin 1 is marked for orientation 


CONTROL 
REGISTER 


MPR-231 





Am2941 CONTROL MODES 


Control Mode 0 — Word Count Equals One Mode 


In this mode, the number of data words to be transferred is 
intially loaded into the Word Counter and Word Count Regis- 
ter. When the Word Counter is enabled and the Word Counter 
Carry-in, WCI, is LOW, the Word Counter decrements on the 
LOW to HIGH transition of the CLOCK input, CP. The DONE 
signal is generated during the last word transfer, i.e. when the 
Word Counter equals one. 


Contro! Mode 1 — Word Count Compare Mode 


Initially, the number of data words to be transferred is loaded 
into the Word Count Register and the Word Counter is 
cleared. When the Word Counter is enabled and the WCI 
input is LOW, the Word Counter increments on the LOW to 
HIGH transition of the CLOCK input, CP. In this mode, the 
Word Counter always indicates the number of data words that 
have been transferred. The Transfer Complete Circuitry com- 
pares the Word Counter with the Word Count Register and 
generates the DONE signal during the last word transfer, i.e. 
when the Word Counter plus one equals the Word Count Re- 
gister. 


Control! Mode 2 — Address Compare Mode 


In this mode, only an initial and final memory address need 
to be specified. The initial Memory Address is loaded into the 
Address Register and Address Counter and the final memory 
address is loaded into the Word Count Register and Word 


Am2941 


Counter. The Word Counter is always disabled in this mode 
and serves as a holding register for the final memory address. 
When the Address Counter is enabled and the ACI input is 
LOW, the Address Counter increments or decrements (de- 
pending on Control Register bit 2) on the LOW to HIGH trans- 
ition of the CLOCK input, CP. The Transfer Complete Circuitry 
compares the Address Counter with the Word Counter and 
generates the DONE signa! during the last word transfer, i.e. 
when the Address Counter equals the Word Counter. 


D)-D; 


DATA MULTIPLEXER OUTPUT, Yo-Y7 
HIGH Z 





Figure 2. Data Bus Output Enable Function. 


Control Mode 3 — Word Counter Carry Out Mode 


For this mode of operation, the user can load the Word Count 
Register and Word Counter with the two’s complement of the 
number of data words to be transferred. When the Word 
Counter is enabled and the WCI input is LOW, the Word 
Counter increments on the LOW to HIGH transition of the 
CLOCK input, CP. A Word Counter Carry Out signal, WCO, 
indicates the last data word is being transferred. The DONE 
signal is not required in this mode and, therefore, is always 
LOW. 
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Am2941 INSTRUCTIONS 


The Am2941 instruction set consists of sixteen instructions. 
Eight are DMA instructions and are the same as the Am2940 
instructions. The remaining eight instructions are designed to 
facilitate the use of the Am2941 as a Programmable Timer/ 
Counter. Figures 3 and 4 define the Am2941 Instructions. 


Instructions 0-7 are DMA instructions. The WRITE CONTROL 
REGISTER instruction writes DATA input Do-D2 into the Con- 


“oOo 0co0oc0oc°o 
ooooocoo°c°o 
NOOhHWONMD—O 


° 
N 


Xess sH0 0 00|/xKHAHH+0000 
x-o-0++0+0|;/xK-0O+-0+0-0 


-~ooooocooo 


0=LOW 1=HIGH- X = DON’T CARE 


tro! Register; DATA inputs D3-D7 are “don’t care” inputs for 
this instruction. The READ CONTROL REGISTER instruction 
gates the Control Register to Data Mulitplexer outputs Yo-Yo. 
Outputs Y3-Y7 are HIGH during this instruction. 


The Word Counter can be read using the READ WORD 
COUNTER instruction, which gates the Word Counter to Data 
Multiplexer outputs, Yo-Y7. The LOAD WORD COUNT instruc- 
tion is Control Mode dependent. In Control Modes 0, 2, and 3, 


WRITE CONTROL REGISTER 
READ CONTROL REGISTER 
READ WORD COUNTER 
READ ADDRESS COUNTER 
REINITIALIZE COUNTERS 
LOAD ADDRESS 

LOAD WORD COUNT 
ENABLE COUNTERS 
INSTRUCTION DISABLE 


WRITE CONTROL REGISTER, T/C 
REINITIALIZE ADDRESS COUNTER 

READ WORD COUNTER, T/C 

READ ADDRESS COUNTER, T/C 
REINITIALIZE ADDRESS & WORD COUNTERS 
LOAD ADDRESS, T/C 

LOAD WORD COUNT, T/C 

REINITIALIZE WORD COUNTER 
INSTRUCTION DISABLE, T/C 


SNOILLONULSNI 


SNOILONYLSNI 
YSLNNOO/HAWIL 


Notes: 1. When t3 is tied LOW, the Am2941 acts as a DMA circuit: When 13 is tied HIGH, the Am2941 acts as 


a Timer/Counter circuit. 


_ 2. Am2941 instructions 0 through 7 are the same as Am2940 instructions. 


Figure 3. Am2941 Instructions. 


DATA inputs Dg-D7 are written into both the Word Count Re- 
gister and Word Counter. In Contro! Mode 1, DATA inputs 
Do-D7 are written into the Word Count Register and the Word 
Counter is cleared. 


The READ ADDRESS COUNTER instruction gates the Ad- 
dress Counter to Data Multiplexer outputs, Yo-Y7, and the 
LOAD ADDRESS instruction writes DATA inputs Dg-D7 into 
both the Address Register and Address Counter. 


In Control Modes 0, 1, and 3, the ENABLE COUNTERS in- 
struction enables both the Address and Word Counters; in 
Contro! Mode 2, the Address Counter is enabled and the 
Word Counter holds its contents. When enabled and the carry 
input is active, the counters increment on the LOW to HIGH 
transition of the CLOCK input, CP. Thus, with this instruction 
applied, counting can be controlled by the carry inputs. 


The REINITIALIZE COUNTERS instruction also is Control 
Mode dependent. In Control Modes 0, 2, and 3, the contents 
of the Address Register and Word Count Register are trans- 
ferred to the respective Address Counter and Word Counter; 
in Control Mode 1, the content of the Address Register is 
transferred to the Address Counter and the Word Counter is 


cleared. The REINITIALIZE COUNTERS instruction allows a 
data transfer operation to be repeated without reloading the 
address and word count from the DATA lines. 


When Te is HIGH, Instruction inputs, Ip-lo, are disabled. If | is 
LOW, the function performed is identical to that of the 
ENABLE COUNTERS instruction. Thus, counting can be con- 
trolled by the carry inputs with the ENABLE COUNTERS in- 
struction applied or with Instruction Inputs !p-l2 disabled. 


Instructions 8-F facilitate the use of the Am2941 as a Pro- 
grammable Timer/Counter. They differ from instructions 0-7 in 
that they provide independent control of the Address Counter, 
Word Counter and Control Register. 


The WRITE CONTROL REGISTER, T/C instruction writes 
DATA input Dp-Dz into the Control Register. DATA inputs 
D3-D7 are “don’t care” inputs for this instruction. The Address 
and Word Counters are enabled, and the Control Register 
contents appear at the Data Multiplexer output. 


The REINITIALIZE ADDRESS COUNTER instruction allows 
the independent reinitialization of the Address Counter. The 
Word Counter is enabled and the contents of the Address 
Counter appear at the Data Multiplexer output. 
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Am2941 





The Word Counter can be read, using the READ WORD 
COUNTER, T/C instruction. Both counters are enabled when 
this instruction is executed. 


When the READ ADDRESS COUNTER, T/C instruction is 
executed, both counters are enabled and the address counter 
contents appear at the Data Multiplexer output. 


The REINITIALIZE ADDRESS and WORD COUNTERS in- 
struction provides the capability to reinitialize both counters at 
the same time. The Address Counter contents appear at the Data 
Multiplexer output. 


DATA inputs Dg-D7 are loaded into both the Address Register 
and Counter when the LOAD ADDRESS, T/C instruction is 






L 
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Mode Reg. Counter Reg. Counter Reg. 
WRITE CONTROL FORCED 
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REINITIALIZE 
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WORD COUNTERS 





L E LOAD WORD 
COUNT, T/C 
L F REINITIALIZE 
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8-F INSTRUCTION 
DISABLE, T/C 
WR = WORD REGISTER 


WC = WORD COUNTER 
AR = ADDRESS REGISTER 


AC = ADDRESS COUNTER 
CR = CONTROL REGISTER 
D = DATA 


HOLD 


HOLD ZERO -» WC HOLD AR + AC HOLD 


LOAD 
COUNT } 1 | Dwr | ZERO-WC | HOLD HOLD HOLD | FORCED HIGH 
ENABLE HOLD ENABLE HOLD ENABLE HOLD 
COUNTERS HOLD HOLD ENABLE HOLD 
INSTRUCTION HOLD ENABLE ENABLE HOLD 
Do.2 > CR 


HOLD ENABLE HOLD ENABLE 
HOLD ENABLE HOLD AR -+ AC HOLD 
HOLD ENABLE HOLD ENABLE HOLD 
READ ADDRESS ADR. 
is counTeR Gre RACT HOLD ENABLE HOLD ENABLE HOLD eeuarcn 
REINITIALIZE Hote 
L ADDRESS AND RAWC 
HOLD ZERO -+Wwc | HOLD 
LOAD 
pup oe | sobnees HG LDAT 0, 1, 2,3 HOLD ENABLE D+ AR 


|} 1 | Dwr | ZERO -+Wwc | HOLD ENABLE HOLD FORCED HIGH 
HOLD WR — WC HOLD ENABLE HOLD WD. CNTR. 
REWC 
WORD COUNTER 1 HOLD ZERO -+ WC ENABLE HOLD 


HOLD ENABLE HOLD ENABLE HOLD 
fi eer HOLD HOLD HOLD ENABLE HOLD 


executed. The Word Counter is enabled and its contents ap- 
pear at the Data Multiplexer output. 


The LOAD WORD COUNT, T/C instruction is identical to the 
LOAD WORD COUNT instruction with the exception that Ad- 
dress Counter is enabled. 


The Word Counter can be independently reinitialized using 
the REINITIALIZE WORD COUNTER instruction. The Ad- 
dress Counter is enabled and the Word Counter contents ap- 
pear at the Data Multiplexer output. 


When the Te input is HIGH, Instruction inputs, Ip-l2, are dis- 
abled. The function performed when l3 is HIGH is identical to 
that performed when I3 is LOW, with the exception that the 
Word Counter contents appear at the Data Multiplexer output. 
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ADR. 
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ADR. CNTR. 
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WORD 
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WR > WC HOLD AR-> AC HOLD 
AR-* AC HOLD 
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ADR. CNTR. 
ADR. CNTR. 





WORD 
COUNTER 










WD. CNTR. 
WD. CNTR. 
WD. CNTR. 






Figure 4. Am2941 Function Table 
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APPLICATIONS 


Figure 5 shows an Am2941 used as two independent, prog- 
rammable eight-bit timer/counters. In this example, an 
Am2910 Microprogram Sequencer provides an address to 
Am29775 512 x 8 Registered PROM’s. The on-chip PROM 
output register is used as the Microinstruction Register. 


The Am2941 Instruction input, I3, is tied HIGH to_select the 
eight Timer/Counter instructions. The Ig, Io-l2, and OEp inputs 
are provided by the microinstruction, and the Do-D7 data lines 
are connected to a common Data Bus. GATE WC and GATE 
AC are separate enable controls for the respective Word 
Counter and Address Counter. The DONE, ACO and WCO 


output signals indicate that a pre-programmed time or count 
has been reached. 


Figure 6 shows an Am2941 used as a single 16-bit, prog- 
rammable timer/counter. In this example, the Word Counter 
carry-out, WCO, is connected to the Address Counter carry-in, 
ACI, to form a single 16-bit counter which is enabled by the 
GATE signal. 


Figure 7 shows two Am2941’s cascaded to form a 32-bit 
programmable timer/counter. The two Word Counters form the 
low order 16 bits, and the two Address Counters form the 
high order bits. This allows the timer/counter to be loaded and 
read 16 bits at a time. 


Dg-Dy4 


Am2910 
MICROPROGRAM SEQUENCER 


Yo-Yi1 


Am29775 
REGISTERED PROMS 


MICROINSTRUCTION REG cp 


DATA BUS 


CLOCK 
GATE WC 
GATE AC 


Figure 5. Two 8-Bit Programmable Counters/Timers in a 22-Pin Package 


Am2910 
MICROPROGRAM SEQUENCER 


MPR-234 


DoDi1 
cp 


Yor¥14 


le lolz 13 OED 


Am2941 


Figure 6. 16-Bit Programmable Counter/Timer Using a Single Am2941 


MPR-235 
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OTHER Do-Diy 
TEST 


= Am2910 
INPUTS MICROPROGRAM SEQUENCER 


Yor¥11 


Am29775 
REGISTERED PROMS 


Figure 7. 32-Bit Programmable Counter/Timer Using Two Am2941’s 
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ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Package Type Temperature Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 


AM2941PC P-22 C-1 
AM2941DC D-22 C-1 
AM2941DC-B D-22 B-1 
AM2941DM D-22 C-3 
AM2941DM-B D-22 B-3 
AM2941FM F-22 C-3 
AM2941FM-B F-22 B-3 


AM2941XC Dice Visual inspection 


! to MIL-STD-883 
AM2941XM Dice Method 2010B. 


ZO £S25252000 


Notes: 1. P -- Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = 0°C to +70°C, M = —55°C to +125°C. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 
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Am2950 « 


Am2951 


8-Bit Parallel I/O Port 


ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 


Two Eight-Bit Registers 

Store data moving in either direction between two buses. 
On-Chip Flag Flip-Flops 

Flag sets whenever data is loaded into a register. 
Edge-Sensitive Flag Clear 

Flag Flip-Flops can be reset when data is taken by a transi- 
tion on the clear line. 

Independent Clocks for each direction 

24mA output current sink. 


LOGIC SYMBOL 


Am23950 
Am2951 
PARALLEL 
VO PORT 


CPs CPR 
(28 PINS) 


Am2950 Non-Inverting Data 
Am2951 Inverting Data 


MPR-237 
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FUNCTIONAL DESCRIPTION 


The parallet I/O port is designed as an extension of the 2900 
Microprocessor bit slice family and will supply the data I/O 
port requirements with considerable flexibility. The device pro- 
vides a temporary store for one word in each direction (two 
registers of eight bits each) that are interconnected to provide 
a bidirectional buffer for an 8-bit byte. Each register has pro- 
vision for loading clock (CP, and CPs), a clock enable (CER 
and CEs), a tri-state output enable (OEas and OEgr_). Two 
flag bits are provided (F,_ and Fs); the flags are reset on the 
Low to High transition of the CLRpr, CLRsg inputs. The flag is 
set when either register is loaded. Each flag and register has 
independent contro}, thus allowing multiple usage of the part 
in a bidirectional mode. Two versions are available; Am2950 
non-inverting data output and the Am2951 inverting data out- 
put. 
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Am29700 « 


Am29701 


Non-Inverting Schottky 64-Bit Random Access Memories 


DISTINCTIVE CHARACTERISTICS 


Fully decoded 16-word x 4-bit Low-power Schottky RAMs 
Ultra-high speed: Address access time typically 15ns 

Low Power: Icc typically 75mA 

Internal ECL circuitry for optimum speed/power perfor- 
mance over voltage and temperature 

Output preconditioned during write to eliminate write 
recovery glitch 

Available with three-state outputs (Am29701) or with open 
collector outputs (Am29700) 

100% reliability assurance testing in compliance with 
MIL-STD-883 

Electrically tested and optically 
assemblers of hybrid products 


inspected die for the 


LOGIC BLOCK DIAGRAM 


OF 4 10F4 
ROW DECODER 
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ENABLE DATA 
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16x 4 MEMORY ARRAY 
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MPR-239 


2-209 


FUNCTIONAL DESCRIPTION 


The Am29700 and Am29701 are 64-bit RAMs built using Schottky 
diode clamped transistors in conjunction with internal ECL circuitry 
and are ideal for use in scratch pad and high-speed buffer memory appli- 
cations. Each memory is organized as a fully decoded 16-word memory 
of 4 bits per word. Easy memory expansion is provided by an active 
LOW chip select (CS) input and open collector OR tieable outputs 
(Am29700) or three-state outputs (Am29701). Chip selection for large 
memory systems can be controlled by active LOW output decoders 
such as the Am74S138. 


An active LOW Write line WE controls the writing/reading operation of 
the memory. When the chip select and write lines are LOW the infor- 
mation on the four data inputs Dg to D3 is written into the addressed 
memory word and preconditions the output circuitry so that true data 
is present at the outputs when the write cycle is complete. This pre- 
conditioning operation insures minimum write recovery times by elim- 
inating the “write recovery glitch”. 


Reading is performed with the chip select line LOW and the write line 
HIGH. The information stored in the addressed word is read out on the 
four non-inverting outputs Og to O3. 


During the writing operation or when the chip select tine is HIGH the 
four outputs of the memory go to an inactive high impedance state. 


LOGIC SYMBOL 


Do Dy Ds D3 


Am29700 @ Am29701 


RAM 
16W x 4B 


Og 0, 02 03 


Vcc = Pin 16 
GND = Pin8 
MPR-240 


CONNECTION DIAGRAM 
Top View 


Note: Pin 1 is marked for orientation. 
MPR-241 





Am29700 « Am29701 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) —0.5V to +7V 
DC Voltage Applied to Outputs for High Output State —0.5V to Vcc max. 
DC Input Voltage —0.5V to +5.5V 
Output Current, Into Outputs 100mA 





DC Input Current —30mA to +5.0mA 


OPERATING RANGE 


Part No. Ambient Temperature 


Vec 
Commercial Grade 
Am29700APC, DC 5.0V +5% 0°C to +75°C 
Am29701APC, DC 
Military Grade 
Am29700ADM, FM 5.0V +10% —55°C to +125°C 
Am29701ADM, FM 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 


D.C. Typ. 
Parameters Description Test Conditions (Note 1) Max. Units 


Min 
Vec =MIN, 1oH =—5.2mA | COM‘L 
VOH Output HIGH Voltage cc on 24 3.6 Volts 
(Am29701 Only) Vin = Vin or Vit | lon = —2.0mA 
Vcc =MIN., lot = 16mA 0.350 
VoL Output LOW Voltage cc Ob ee | | 0.45 | Volts 
Vin =VinorVye | lo = 20mA HS a 0.380 | 05 | 
ViL Input LOW Level 
voltage for all inputs 


Sieetaaiinete 0 pf vee 
olts 
Ne Input LOW Current — mA 


| ee | ves 


Isc Oo ae z - 
tput Short Circuit Current] Voc = MAX., Vout = 0.0V _20 ‘ 
(Am29701 Only) Se ee aye cc ouT = 0 a 
mA 


lec Power Supply Current 
Input Clamp Voltage Vec =MIN., tij = —18mA 


ar Vwe=V 
Ves = Vin or VWE = VIL Am29700/01 
VouT = 2.4V 



























Input HIGH Level 
voltage for all inputs 










Guaranteed input logical LOW 



























Output Leakage Current — —— 
Ves = Vin or VWE = VIL 


VourT = 0.4V, Voc = MAX. 







Note 1. Typical limits are at Voc = 5.0V and T, = 25°C. 


FUNCTION TABLE 






Data Output Status 










ce | we 
eae cabal 
7 Don't - P 
High Care Deselect Output and Write Disabled 
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Am29700 * Am29701 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
A.C. Typ. COM’L MIL. 
Parameters Description Test Conditions (Note 1) Min. Max. Min. Max. Units 


tpLH(A) . 
Detay from Address to Output See Fig. 2 
tpHL(A) 
tpZH(CS) | Delay from Chip Select (LOW) to | See Fig, 2 
tpz_(CS) | Active Output and Correct Data 
(WE) | Delay from Write Enable (HIGH) 
— to Active Output and Correct Data See Fig. 1 
tpz_ (WE (Write Recovery — See Note 2) : 
t,(A) Set-up Time Address (Prior See Fig. 1 
to Initiation of Write) 
. Fig. 3 test load 
th(A) Hold Time Address (After See Fig. 1 g 
Termination of Write) (measured to 
Set-up Time Data Input (Prior to See Fig. 1 output = 1.5V) 
Termination of Write) 
Hold Time Data Input (After 
tph(DI i 
n(Di) Termination of Write) nee Fig. 1 


oa 
bac] 
N 
= 


——, Min. Write Enable Pulse Width to . 
tpHz(CS) | Delay from Chip Select (HIGH) to See Fig. 2 
tp_z(CS) | Inactive Output (HI-Z) : 


tpLZ(WE) | Delay from Write Enable (LOW) See Fig. 1 
| tpHz(WE) | to Inactive Output (H1-Z) ne rms 
Notes: 1, Typical limits are at Vcc = 5.0V and Ta = 25°C. 


2. Output Is preconditioned to data in during write to Insure correct data is present on all outputs when write Is terminated. (No write recovery glitch) 





SWITCHING WAVEFORMS 


KEY TO TIMING DIAGRAM 


ADDRESS WY 
Ag_3  AAAAAAAAAAAAAAMAA '°Y eye ye? “eons 


t){A) MUST BE WILL BE 
STEADY STEADY 


URURUAVARLARLAUTAY 
VAR AU ANU VAN UCU GND syns, eee 


t,(A) tow(WE) \ FROMHTOL FROM H TOL 
¥A\\\\ 


A SCS MAY CHANGE CHANGING 


FROML TOH 
t,(01) 


ACURA ARR occ BAAR ARA AEE ____PAA AAA yy 1.5V ANY CHANGE STATE. 


AVVAAVAAKAAVY VWVAVAAAAAR | CAAAVVAAAAAAANA © TERMITTED: 


tp_z(WE) tpzy(WE} 
ut CENTER 
MIN tpyyz (WE) a tpz_ (WE) DOES NOT LINE {S HiGH 


N APPLY IMPEDANCE 
. “OFF STATE 


Write Cycle Timing. The cycle is initiated by an address change. After ts(A) min., the write enable may 
begin. The chip select must also be LOW for writing. Following the write pulse, th(A) min. must be allowed 
before the address may be changed again. The output will be inactive (floating for the Am29701) while the 
write enable is LOW. , 


Figure 1. 
MPR-242 
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Am29700 * Am29701 


SWITCHING WAVEFORMS (Cont.) 


ADDRESS 


——— ADDRESS j 
Ag-3 ! 


ADDRESS k ADORESS | 


sa cao 
an 


OUTPUT READ A HIGH 
DISABLED IN ADDRESS j 


ENABLE 
OUTPUT 


READ A LOWIN 
ADDRESS k 


DISABLE 
OUTPUT 


READ A HIGH 
IN ADDRESS | 


DISABLE 
- OUTPUT 


Switching delays from address and chip select inputs to the data output. For the Am29701 disabled output 
is “OFF”, represented by a single center line. For the Am29700, a disabled output is HIGH. 


Figure 2. sinntoes 


TEST LOAD 


Three-State 
Am29701 


Open Collector 
Am29700 


$71 is closed for 

all A.C. tests. 
Note that tpHz(CS) 
and tpyz(WE) 
parameters do not 
apply to 29700 
where disabled 
output is HIGH. 


$7 is closed for 

all A.C. tests _ 
except tpy7(CS) 

and tpyz (WE) where 
$1 is open and jig 
capacitance (CJ) is 

< 5pfd. 


FROM OUTPUT 
UNDER TEST 


MPR-244 


DIE SIZE 
0.092” X 0.078" 











ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


_ Open Collector 
Order Number 


AM29700PC 
AM29700DC 
AM29700DC-B 
AM29700DM 
AM29700DM-B 
AM29700FM 
AM29700FM-B 


AM29700XC 
AM29700XM 


Three-State 
Order Number 


AM29701PC 
AM29701DC 
AM29701DC-B 
AM29701DM 
AM29701DM-B 
AM29701FM 
AM29701FM-B 


AM29701XC 
AM29701XM 


Package Type 
(Note 1) 


P-16 
D-16 
D-16 
D-16 
D-16 
F-16 
F-16 


Dice 
Dice 


Temperature Range 
(Note 2) 


ZO ZZZZOQ0O 


Screening Level 
(Note 3) 


C-1 
C-1 
B-1 
C-3 
B-3 
C-3 
B-3 
Visual inspection 
to MIL-STD-883 
Method 2010B. 


Notes: 1. P =.Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. © = O°C to +70°C, M = —55°C to +125°C. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 
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Am29702 « 


Am29703 


Schottky 64-Bit Random Access Memories 


DISTINCTIVE CHARACTERISTICS 


Fully decoded 16-word x 4-bit Low-power Schottky RAMs 
Ultra-high speed: Address access time typically 15ns 

Low Power: Icc typically 75mA 

Internal ECL circuitry for optimum speed/power perfor- 
mance over voltage and temperature 

Output preconditioned during write to eliminate write 
recovery glitch 

Available with three-state outputs (Am29703) or with open 
collector outputs (Am29702) 

Pin compatible replacements for 3101, 3101A, 74S289, 
93403, 7489, 6560 and Am27S02 (use Am29702) for 
748189, 6561, DM8599 and Am27S03, (use Am29703) 
100% reliability assurance testing in compliance with 
MIL-STD-883 

Electrically tested and optically inspected die for the 
assemblers of hybrid products 


LOGIC BLOCK DIAGRAM 


OUTPUT 
ENABLE 


10F4 
ROW DECODER 


rOYC 
i 


16 x 4 MEMORY ARRAY 
SENSE/WRITE INTERFACE 
¥ (_] F 
LT 


MPR-245 


FUNCTIONAL DESCRIPTION 


The Am29702 and Am29703 are 64-bit RAMs built using Schottky 
diode clamped transistors in conjunction with internal ECL circuitry 
and are ideal for use in scratch pad and high-speed buffer memory appli- 
cations, Each memory is organized as a fully decoded 16-word memory 
of 4 bits per word. Easy memory expansion is provided by an active 
LOW chip select (CS) input and open collector OR tieable outputs 
(Am29702) or three-state outputs (Am29703). Chip selection for large 
memory systems can be controlled by active LOW output decoders 
such as the Am74S138. 


An active LOW Write line WE controls the writing/reading operation of 
the memory. When the chip select and write tines are LOW the infor- 
mation on the four data inputs Dg to D3 is written into the addressed 
memory word and preconditions the output circuitry so that true data 
is present at the outputs when the write cycle is complete. This pre- 
conditioning operation insures minimum write recovery times by elim- 
inating the ‘‘write recovery glitch’’. 


Reading is performed with the chip select fine LOW and the write line 
HIGH. The information stored in the addressed word is read out on the 
four inverting outputs Og to 03. 


During the writing operation or when the chip select line is HIGH the 
four outputs of the memory go to an inactive high impedance state. 


LOGIC SYMBOL 


Dg Dy Dy 03 


Am29702 @ Am29703 
RAM 
16W x 4B 


Op 91 02 O3 


Vcc = Pin 16 
GND = Pin8 


MPR-246 


CONNECTION DIAGRAM 


Note: Pin 1 is marked for orientation. 


MPR-247 
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Am29702 « Am29703 
MAXIMUM RATINGS (Above which the useful life may be impaired) 














Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) —0.5V to +7V 
DC Voltage Applied to Outputs for High Output State —0.5V to Vcc max. 
DC Input Voltage —0.5V to +5.5V 
Output Current, Into Outputs 100mA 
DC Input Current —30mA to +5.0mA 


OPERATING RANGE 


Part No. Ambient Temperature 


Commercial Grade 
Am29702PC, DC 5.0V +5% 0°C to +75°C 
Am29703PC, DC 





Military Grade 
Am29702DM, FM 5.0V +10% —55°C to +125°C 
Am29703DM, FM 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 


D.C. Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 


Vou Vec=MIN, ton = —5.-2mA | =—5. ton = —5.-2mA | | com’ | L 
Volts 
(Am29703 Only) Vin = Vin or Vit | toy = —2.0mA }MIL | 
Vec =MIN., OL = 16mA ae 
Vin=Vinor Vit | 1oL = 20mA 0.380 eee ae 
ViL 
We Input LOW Current 


Guaranteed input logical HIGH 
Volts 
voltage for all inputs 
ae 
Isc O . Pa 
t h it Vcc = MAX. =0. 

All inputs = GND COM'L 75 {| 100 | 

Power Supply Current mA 


Guaranteed input logical LOW 
Input Clamp Voltage Vcc = MIN., ly = —18mA —0.850 
















Output HIGH Voltage 














Output LOW Voltage 









Input HIGH Level 










Input LOW Level 



















































VIN = 0.40V 
Output Leakage Current —— —— 
Ves = Vin or VWE = VIL 


VouT = 0.4V, Voc = MAX. 





voltage for all inputs 
Vcc = MAX.,, WE, Dg-D3, Ag-A3 
S 0.050 | =o. 
Voc = MAX., Vin = 2.4V 0.0 10 
VésS = Vin or VWwe = V 
CSB NTH OF WE © lt Am29702/03 uA 
VouT = 2.4V 





Note 1. Typical limits are at Veg = 5.0V and Ta = 25°C. 


FUNCTION TABLE 


Function Data Output Status 
_ 00-3 


CE —_ 
mi oe] mish See 
Low 


fo t 
fo 


Read Selected Word (Inverted) 
Deselect Output and Write Disabled 
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Am29702 « Am29703 
SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
A.C. Typ. COM’L MIL 
Parameters Description Test Conditions (Note 1) Min. Max. Min. Max. Units 


tpHL(A) 


Delay from Address to Output 





tpzH(CS) 


Delay from Chip Select (LOW) to 
Active Output and Correct Data 





Delay from Write Enable (HIGH) 
to Active Output and Correct Data 
(Write Recovery — See Note 2) 


See Fig. 2 


See Fig. 2 


See Fig. 1 





Set-up Time Address (Prior 
to Initiation of Write) 


Hold Time Address (After 
Termination of Write) 





See Fig. 1 


See Fig. 1 





Set-up Time Data tnput (Prior to 
Termination of Write) 





Min. Write Enable Pulse Width to 
{nsure Write 





tp_z(Cs) 
tpLz(WE) 





Delay from Chip Select (HIGH) to 
Inactive Output (HI-Z) 


See Fig. 1 


Hold Time Data input (After See Fig. 4 
Termination of Write) oe 


See Fig. 1 


See Fig. 2 





Delay from Write Enable (LOW) 
to Inactive Output (HI-Z) 


See Fig. 1 


Fig. 3 test load 
(measured to 
output = 1.5V) 
































tpyz (WE) 


Notes: 1, Typical limits are at Voc = 5.0V and T, = 25°C. 
2. Output is preconditioned to data in (inverted) during write to insure correct data is present on all outputs when write is terminated. (No write 
recovery glitch) 


SWITCHING WAVEFORMS 


KEY TO TIMING DIAGRAM 


ADDRESS poo WAAAY 
0-3 A AAA AAA 


t(A) MUST BE WILL BE 
STEADY STEADY 


WAVEFORM INPUTS OUTPUTS 


AVA 
LAVAL 


1,(A) tow WE) 
eon 
MALAY 


WILL BE 
CHANGING 
FROM H TOL 


MAY CHANGE 
FROMH TOL 


WILL BE 
CHANGING 
FAOMLTOH 


MAY CHANGE 
FROMLTOH 


t,(D!) 
OON'T CARE; CHANGING; 


ANY CHANGE STATE 
PERMITTED UNKNOWN 


VVVVVVVVVVVVVV ont cance (YVVYYWWVYV VW oT WYVVVVVIVVVVVVV 
NAM\AAAAAAAW VAVAAAAAANAA | AAA 
al (WE) tezH (WE) 
MIN tprzlWE) pot WE) DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 
“OFF” STATE 


Write Cycle Timing. The cycle is initiated by an address change. After t,(A) min., the write enable may 
begin. The chip select must also be LOW for writing. Following the write pulse, th(A) min. must be allowed 
before the address may be changed again. The output will be inactive (floating for the Am29703) while the 
write enable is LOW. 


Figure 1. 
MPR-248 
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Am29702 ¢ Am29703 


SWITCHING WAVEFORMS (Cont.) 


ADDRESS k 


ADDRESS 


——— ADDRESS j 
Ag-3 ! 


ADDRESS | 


OUTPUT READ A HIGH 
DISABLED IN ADDRESS j 


READ A LOWIN 
ADDRESS k 


DISABLE 
OUTPUT 


READ A HIGH 
IN ADDRESS | 


DISABLE 


OUTPUT OUTPUT 


Switching delays from address and chip select inputs to the data output. For the Am29703 disabled output 
is “OFF”, represented by a single center line. For the Am29702, a disabled output is HIGH. 


Figure 2. MPR-249 


TEST LOAD 


Open Collector 
Am29702 


Three-State 
Am29703 


$1 is closed for 

all A. C. tests 

except tp}H7(CS) 

and tpyz (WE) where 
$1 is open and jig 
capacitance (C4) is 

< 5pfd. 


$1 is closed for 

all A.C. tests. 
Note that tpyHz(CS) 
and tpyz(WE) 
parameters do not 
apply to 29702 
where disabled 
output is HIGH. 


FROM OUTPUT 
UNDER TEST 


C= 30pfd — Cy 





DIE SIZE 
0.092" X 0.078” 


ORDERING INFORMATION 
Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Open Collector 
Order Number 


AM29702PC 
AM29702DC 


Three-State 
Order Number 


Package Type 
(Note 1) 


AM29703PC P-16 
AM29703DC D-16 


Temperature Range 
(Note 2) 


Screening Level 
(Note 3) 
C-1 
C-1 


AM29702DC-B 
AM29702DM 
AM29702DM-B 
AM29702FM 
AM29702FM-B 


AM29702XC 
AM29702XM 


AM29703DC-B 
AM29703DM 
AM29703DM-B 
AM29703FM 
AM29703FM-B 


AM29703XC 
AM29703XM 


D-16 
0-16 
D-16 
F-16 
F-16 
Dice 
Dice 


ZO £25252000 


B-1 

C-3 

B-3 

C-3 

B-3 
Visual inspection 
to MIL-STD-883 
Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = 0°C to +70°C, M = —55°C to +125°C. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 
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Am29704 -Am29705 


16-Word By 4-Bit Two-Port RAM 





Distinctive Characteristics 


@ 16-word by 4-bit, 2-port RAM 

® Two output ports, each with separate output control 
@ Separate four-bit latches on each output port 

@ Data output is non-inverting with respect to data input 


FUNCTIONAL DESCRIPTION 


The Am29704 and Am29705 are 16-word by 4-bit, two-port 
RAM’s built using advanced Low-Power Schottky processing. 
These RAM’s feature two separate output ports such that any 
two 4-bit words can be read from these outputs simulta- 
neously. Each output port has a four-bit latch but a common 
Latch Enable (LE) input is used to control all eight latches. 
The device has two Write Enable (WE) inputs and is designed 
such that the Write Enable 1 (WE) and Latch Enable (LE) 
inputs can be wired together to make the operation of the 
RAM appear edge triggered. 


The device has a fully decoded four-bit A-address field to 
address any of the 16 memory words for the A-output port. 
Likewise, a four-bit B-address input is used to simultaneously 
select any of the 16 words for presentation at the B-output 
port. New incoming data is written into the four-bit RAM 


@ Chip Select and Write Enable inputs for ease in 
cascading 

@ Advanced Low-Power Schottky processing 

@ 100% reliability testing in compliance with 
MIL-STD-883 


word selected by the B-address. The D inputs are used to load 
new data into the device. 


The Am29704 has open-collector outputs and the Am29705 
features three-state outputs so that several devices can be 
cascaded to increase the total number of memory words in the 
system. The A-output port is in the high-impedance state when 
the OE-A input is HIGH. Likewise, the B-output port is in the 
high-impedance state when the OE-B input is HIGH. Four 
devices can be paralleled using only one Am25LS139 decoder 
for output control. 


The Write Enable inputs control the writing of new data into 
the RAM. When both Write Enable inputs are LOW, new data: 
is written into the word selected by the B-address field. When 
either Write Enable input is HIGH, no data is written into the 
RAM. 


LOGIC DIAGRAM 


Oo 0, 


A 
ADDRESS 
DECODER 


APORT 


YAg YAy YA YA3 


CONNECTION DIAGRAM 
Top View 


Voc D2 03 WE2 Ag Ay Ag Ag OE-AOE-B YAg YB3 YA2 YB 


27. 26 «28 «#424 #23 #22 «21°20 #19 «#18 «7: «(36 


Am29704/Am29705 


Note: Pin 1 is marked for orientation. 


A 16-WORD BY 4-BIT 
ADDRESS TWO-PORT RAM 


WE CS 


D2 D3 


B 
ADDRESS 
DECODER 


8 
ADDRESS 


B-PORT 


YBo YB, YB> YB. 
roe sess MPR-251 


LOGIC SYMBOL 


t 27 


Am29704/Am29705 


A-LO 


OE-Avyag YA, YAg YA3 


Vec = Pin 28 
GND = Pin 14 


10 12 15 17 


MPR-252 | MPR-253 
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Am29704 « Am29705 
MAXIMUM RATINGS (Above which the useful life may be impaired) 
































Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vcc max. 
DC Input Voltage —0.5V to +5.5V 
DC Output Current, Into Outputs 30mA 
DC Input Current * —30mA to +5.0mA 
ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 
Am29704XC, Am29705XC Ta = 0°C to +70°C Vec = 5.0V +5%(COM‘L) MIN. =4.75V MAX. =5.25V 

Am29704XM, Am29705XM Ty, =—55°Ct0+125°C Vee =5.0V +10%(MIL) MIN=4.50V MAX.=5.50V Typ. 

Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units 






(Am29705 Only) Vin = Vin or Va 


Vin Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 

















Output LOW Voltage 
e 2 VIN = Vin oF Vib 






teed i I | LOW 
Input LOW Level Guarantee input ogical LO 
voltage for all inputs 
input Clamp Voltage Voc = MIN., lyn = —18MA 


Vcc = MAX., Vin = 0.4V 









Hie Input LOW Current 


Pin | Input HIGH Current Vcc = MAX., Vin = 2.7V 
| Input HIGH Current Vcc = MAX., Vin = 5.5V 


lo Output OFF Current Vcc = MAX., VoH = 5.5V 
(Am29704 Only) Vin = Vin or Vit 

lo Off State (High Impedance) Vec = MAX. Vo72.7V 
Output Current (Am29705 Only) | Vin = Vin or Vit Vo =0.4V 

Isc Output Short Circuit Current Vcc = MAX. 
(Note 3) (Am29705 Oniy) 


Ta= 25°C 
Vec = MAX. Tp =0°C to +70°C 


{Worst case Ic¢ is at TAS 70°C 
minimum temperature) 


(Note 4) Tc = —55°C to +125°C 
To = 125°C 


1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Ve¢c = 5.0V, 25 C ambient and maximum loading. 
3. Not more than one output should be shorted at atime. Duration of the short circuit test should not exceed one second. 


4. Allinputs grounded except OE-A and OE-B =2.4V. 
Ta = 0°C to +70°C To = —55°C to +125°C 
Voc = 4.75 to 5.25V Voc = 4.5V to 5.5V 


SWITCHING CHARACTERISTICS 


























Power Supply Current 








Notes: 








(Input Levels = OV and 3.0V, Transitions Measured at 1.5V) 
Maximum Combinational! Delays (in ns) (R_ = 3900, C, = 50pF) 








Parameters From To Conditions 
, A Address Stable or YA Stable or - 
B Address Stable YB Stable ce GH 
we YB = Dor. 7 
Rg Both WE LOW YA = D (If A=B) LE = HIGH 


Moiow __[vaiow | *+dt | as Ps Pd 





Enable Time LE HIGH YA and YB Stable 


7 LE = HIGH, 


Note: Transparency not guaranteed below o°c. 






2-218 


Am29704 « Am29705 







SWITCHING CHARACTERISTICS (Cont.) 
(Input Levels = OV and 3.0V, Transitions Measured at 1.5V) 


Minimum Set-up and Hold Times (in ns) 










Tp = —55°C to 
+125°C 
Vcc =5.0V +10% 


Ta =0°C to 
+70°C 
Vcc = 5.0V +5% 





Parameters From T Conditions 


¢] 
Data Set-up Time _| D Stable Either WEHIGH | ss 
Data Hold Time Either WE HIGH __| D Changing eee ee 


























Latch Close 
Before Write Begins 


WE? LOW WE, LOW 


LE LOW 















Address Set-up 
Before Latch Closes 








Aor B Stable 


Ta = —55°C to 
+125°C 
Vcc = 5.0V +10% 






Minimum Pulse Widths 







Parameters Input Pulse Conditions 


Write Pulse Width GH-LOW-HIGH WE 























FUNCTION TABLES LOADING RULES (In Unit Loads) 
Fan-out 
Input Output Output 
WRITE CONTROL Input/Output Pin No.’s Unit Load HIGH LOW 
RAM Outputs at Latch Inputs D4 1 1 7 = 
[Aro | BPort | Do 2 = 
A data (A # B) | D input data* WE, 3 1 = = 
No write A data B data Bo 4 0.55 ae = 
No write A data B data By 5 055 = = 
H = HIGH 
L = LOW Bo 6 0.55 - Ss 
X = Don’t care B3 7 0.55 = _ 
*Note: Transparency not guaranteed below o°c. A-LO 8 1 = _ 
EAD LE 9 1 — — 
plans YBo 10 = 100/200 33 





=sa/a 
nN | — 
| 


YA Output G 


A-—LO YB, 100/200 33 











YA, 13 - 100/200 33 
xX} Z High impedance GnD a 
tL Force YA LOW = a 
A— Port RAM data | Latches transparent YB2 15 = 100/200 33 
NC Latches retain data YA2 16 = 100/200 33 
H = HIGH Z = High impedance ¥B3 7 = 100/200 33 
L= LOW NC = No change YA3 18 — 100/200 33 
X = Don’t care OE_B 19 1 a - 
OE-A 20 1 = - 
A 21 0.55 = - 
YB READ 3 
A2 22 0.55 = _ 
Ay 23 0.55 = _ 
YB Output 
Ao 24 0.55 _ on 
a WE? 25 1 - - 
High impedance 
B — Port RAM data | Latches transparent b3 26 1 = a. 
NC Latches retain data Do 27 1 = = 
H = HIGH Z = High impedance Vcc 28 = a = 
L= LOW NC = No change A Low-Power Schottky TTL Unit Load is defined as 20LA measured 
X = Don't care at 2.7V HIGH and —0.36mA measured at 0.4V LOW. 


2-219 


Am29704 ¢ Am29705 & 
INPUT/OUTPUT CURRENT 


INTERFACE CONDITIONS 


A, B ADDRESS OTHER INPUTS Am29705 OUTPUTS 


© 
v1 ZS 


| 

| 

| 
are 
nage 
tte) 
i 


Note: Actua! current flow direction shown. 
Omit Q4, Qo, Ry and Ro for Am29704. 


MPR-254 


LOAD CIRCUITS FOR AC TESTS 


Vec 
© 


RL 


Am29704 Am29705 
CL 


cL 
50pF 7 


For tests between High Z and HIGH, Sq is open and So is closed. Between High Z 
and LOW, Sj is closed and S9 is open. For all other tests both Sq and Sg are open. 


MPR-255 








For output disable tests, a correlated limit to the limit with a 5.0pF load is used. MPR-256 
DEFINITION OF TERMS OE-B B-port Output Enable. When OE-B is 
LOW, data in the B-Data Latch is 
Dg, D;,D2,D3 Data Inputs. New data is written into present at the YB; outputs. When 
the RAM through these inputs. OE-B is HIGH, the YB; outputs are 
Ao, A1,A2,A3 The A-address Inputs. The four-bit in the high-impedance (off) state. 
field presented at the A inputs selects LE Latch Enable. The LE input controls 
one of the 16 memory words for pre- the latches for both the RAM A-out- 
sentation to the A-Data Latch. put port and RAM B-output port. 
Bo, Bi, B2,B3 The B-address inputs. The four-bit When the LE input is HIGH, the 
field presented at the B inputs selects latches are open (transparent) and data 
from the RAM, as selected by the A 


one of the 16 memory words for pre- : i - 
sanitation. tothe: B-Data Latch. The & and B address fields, is present at the 
address field also selects the word into outputs. When LE is COW, ie aiviies 
which Hew data le writen: are closed and they retain the last 


data read from the RAM independent 
YAo, YA1, YA2, YA3 The four A-Data Latch Outputs. Gf thé curentA and B address Held 








YBo, YB1, YB2, YB3 The four B-Data Latch Outputs. inputs. 

WE7,WE2 Write Enables. When. both Write A-LO Force A Zero. This input is used to 
Enables are LOW, new data is written force the outputs of the A-port latches 
into the word selected by the B-address LOW independent of the Latch Enable 
field. If either Write Enable input is . input or A-address field select inputs. 
HIGH, no new data can be written Thus, the A-output bus can be forced 

____ into the memory. LOW using this control signal. When 

OE-A A-port Output Enable. When OE-A is the A-LO input is HIGH, the A latches 
LOW, data in the A-Data Latch is operate in their normal fashion. Once 
present at the YAj outputs. If OE-A the A latches are forced LOW, they 
is HIGH, the YA; outputs are in the remain LOW independent of the A-LO 
high-impedance (off) state. input if the latches are closed. 
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A-SOURCE 
AODRESS 


APPLICATIONS 


D4 D2 


WRITE 
ENABLE 


A3 83 

Ag B2 

Ay 1 By 
Am29705 

Ag Bo 


FORCE A LE 
Low . 
WE, 


A OUTPUT 
CONTROL 


‘YA, YAg YAg YA3 YBp YB, Y82 YB3 


YA, YAg YAg YA3 YBg YB, YB2 YB3 


OE-B fO 


Am29704 « Am29705 


CLOCK 


B OUTPUT 
CONTROL 


MPR-257 


A 16-word by 4-bit two-port RAM with LE and WE connected to make the device appear edge triggered. 
WE, and WE? are logically identical but are electrically slightly different. For synchronous operation with- 


out possibility of race, WE, should be connected to LE. 


LATCH 


ENAQLE DATA INPUT 


WRITE Dp Dy D2 Dy 


Am29705 an 
leedas 
YAg ese YAg YBg ses YB3 WE2 fs 


1 Pile 
89 
i HH 


APORT 

ENABLE 
Al 
1 


U2 OF Am25L8139 


Le 0g Dy D2 D3 
B m29705 


YAg eee YA3 


FORCE ZERO 


YBq see YB3 


A OUTPUT B OUTPUT 


8-PORT 
ENABLE 


1/2 OF Am25LS139 


B-SOURCE 
ADDRESS 


Am25LS157 


C-DESTINATION 
ADDRESS 


MPR-258 


A 64-word by 4-bit three address memory. Data is read from the A address to the YA outputs and from the 
B address to the YB outputs while the latch enable is HIGH. When the latch enable goes LOW, the YA and 
YB data is held in the internal latches, and the RAM B address is switched to the C-destination address lines. 
A write pulse will then deposit the input data into the location selected by the C address. 
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Am29704 « Am29705 


APPLICATIONS (Cont'd) 


CPU MAIN DATA BUS MEM 


A B 


ENABLE 


Am25LS157 


DATA INPUT MUX Am25LS2569 
R 


COUNTER 
REGISTER 


Am25LS163 
Q 
COUNTER 
REGISTER 
Am29705 
Am25LS2569 
Ss 


COUNTER 
REGISTER 


ENABLE 


A 


Am25LS2521 
ADDRESS 
COMPARATOR 


DISK PERIPHERAL BUS TAPE 


The Am29705 as a two-way interface buffer. Data may be passed between the main data bus and the peri- 
pheral data bus under I/O control. The two-port RAM allows data to be written into buffer storage from a 
peripheral device, using the B address port and the S counter register, while it is being read into main memory, 
using the A address port and the Q counter register. This simultaneous read/write capability facilitates DMA 
transfers because the CPU can ignore write. requests from the peripheral device. Data output from CPU to 
the peripheral device-is handled by sequential write and read operations. Data is written into buffer storage 
from the CPU, using the B address port and the R counter register. It is read onto the peripheral device using 
the B address port and either the R register, for single word transfers, or the S register, for block transfers. 

MPR-259 


ORDERING INFORMATION 
Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Open Collector 
Order Number 


Three-State Package Type Temperature Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 


AM29704PC — 
AM29704DG 
AM29704DC-B 
AM29704DM 
AM29704DM-B 
AM29704FM 
AM29704FM-B 


AM29704XC 
AM29704XM 


AM29705PC 
AM29705DC 
AM29705DC-B 
AM29705DM 
AM29705DM-B 
AM29705FM 
AM29705FM-B 


AM29705XC 
AM29705XM 


P-28 
D-28 
D-28 
D-28 
D-28 
F-28 
F-28 
Dice 
Dice 


£0 £25229000 


C-1 

C-1 

B-1 

C-3 

B-3 

C-3 

B-3 
Visual inspection 
to MIL-STD-883 
Method 2010B. 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = 0°C to +70°C, M = —55°C to +125°C. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 
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Am29720 :Am29721 


Low-Power Schottky 256-Bit Random Access Memories 


DISTINCTIVE CHARACTERISTICS 


@ Fully decoded 256-bit TTL RAMs. 
Plug-in replacements for 74200, IM5503/5523, 93411/21 
Pin compatible with MM6530/31, 3106/7, 82S06, 745201 
Open collector (Am29720) and three-state (Am29721) 
High speed operation: 
35ns typical access time 
45ns guaranteed (0°C to +75°C) 
55ns guaranteed (-55°C to +125°C) 
Very low power dissipation 
275mW typical 
70mA maximum !cc 
Full military temperature range performance. 
10% power supply tolerance 
Internal ECL circuitry 
Uniform access times over voltage and temperature 
variations. 
Tested to GALPAT. 
Functional and switching characteristics are guaranteed 
for all data and address patterns. 


FUNCTIONAL DESCRIPTION 


The Am29720 and Am29721 are fully decoded bipolar random access 
memories for use in high-speed buffer memories and as a replacement 
for high-speed core memories in digital systems. The memories are 
organized 256-words by 1-bit with an 8-bit binary address field and 
separate data in and data output lines. The memories have three active 
LOW chip select inputs and a three-state output (Am29721) or open- 
collector output (Am29720). All inputs are buffered to present an 
input load of only 0.5 TTL unit loads. 


Read/write operation is controlled by an active LOW write enable 
input. When the write enable is LOW and the chip is selected the data 
on the data input is written into the location specified by the address 
inputs. During this operation the output floats allowing the data bus to 
be used by other memories or open-collector logic elements that are 
tied to the inverting data output. Reading is accomplished by having 
the chip selected and the write enable input HIGH. Data stored in the 
location specified by the address inputs is read out and appears on the 
data output inverted. 


The chip is selected by three active LOW inputs all of which must be 
LOW in order for the data output to be active during the read operation 
and for data to be written into or from the memory. These three active 
LOW chip select inputs permit the Am25LS138 MS!) decoders to select 
memories in either a linear select, two or three dimensional mode of 
operation when large memory systems are being built. The delay from 
the chip select to the output is considerably faster than from the 
address inputs and extra delay can be tolerated in the chip select path 
without affecting system performance. 


LOGIC DIAGRAM 


16 X 16 
ARRAY OF 
MEMORY CELLS 


ow 
ret 
seg 

a 


SENSE/WRITE 
INTERFACE 


1-OF-16 
COLUMN DECODER 
ve O O O 


CONNECTION DIAGRAM 
Top View 


A3 


3.04 
Lt LJ 


cs (Ss Aq GND 


Note: Pin 1 is marked for orientation. MPR-261 
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MPR-260 


LOGIC SYMBOL 


2 1 15 14 7 9 10 11 


Ag Ay Az Ag Ag As Ag A? 
cs 
Am29720/Am29721 


RAM DO 
256W X 1-BIT 


Vcc = Pin 16 
GND = Pins 
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Am29720 * Am29721 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5V to +Vec max 
DC Input Voltage —0.5V to+Vec 
Output Current, Into Outputs 30mA 
DC Input Current —30mA to +50mA° 





OPERATING RANGE 


Ambient Operating Power Supply 
Part No. Temperature Voltage 


Am29720DC, PC : 7 
+ : : 
Am29721DC, PC 0°C to +75°C 4.75 V to 5.25 V 
Am29720DM, FM : ; 
' —55 C to + 4. 50 V 
Am29721DM, FM 5°C to +125°C 50 V to 5.50 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 










Parameters Description Test Conditions Min. (Note 1) Max. Units 


Output HIGH Voltage Vec =MIN., lox = —2.0 mA (MIL Range) 
(Am29721 Only) VIN = Vin or Vic, lon = —2.6 mA (COM'L Range) 


VOH 
Output LOW Voltage Vec = MIN., loy = 16.0 mA, Vin = Vin or VIL 
Input HIGH Level Guaranteed input logical HIGH voltage for all inputs 2.0 
Input LOW Level Guaranteed input logical LOW voltage for all inputs 
Input LOW Current Vcc = MAX., Vin = 0.4 V 
Input HIGH Current Vec = MAX., VIN = 2.7 V 
Input Breakdown Voltage Voc = MAX.,, tn = 100 pA 
Vec = MAX., CS = 2.4 V, V, =2.4V 
ILK Output Leakage Current ce — OUT 
Vec = MAX., CS = 2.4 V, Vout = 0.4 V 
Output Short Circuit Current | Vcc = MAX., Voyt = 0.0 V —20 
Power Supply Current Vec = MAX. 


Note 1. Typical Limits are at Vcc = 5.0 V, 25°C ambient and maximum loading. 





SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 


Ta= Ta= 
Ta= 0°C to —55°C 
25°C 75°C to 125°C 
Parameters Description Typ. Min. Max. Min. Max. Units 









35 


t (A) 
PLH Delay from Address to Output See Fig. 2 
tpH L(A) 
tp2y(CS) F . : 
— Delay from Chip Select to Active Output and Correct Data See Fig. 2 
tpz_(Cs) 
tpy2(CS) 
PHZ = Delay from Chip Select to Inactive Output 
tp_zi(cs) 
trec(WE) Delay from Write Enable (HIGH) to Correct Output Data | See Fig.1[ 25 | 
—— Delay from Write Enable (HIGH) to Active Output See Fig. 1 
tpz_ (WE) 











Set-up Time Data Input 
ty(DI) Hold Time Data Input 


Write Enable Pulse Width 
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Set-up Time Address 
: See Fig. 1 
Hold Time Address 


tpyz(WE) 
—_— Detay from Write Enable (LOW) to Inactive Output See Fig. 1 20 
tp_Z(WE) 
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Am29720/Am29721 LOADING RULES 
(In TTL Unit Loads) 


INPUT/OUTPUT INTERFACE CONDITIONS 
Voltage Interface Conditions — LOW & HIGH 


Fan-out 
Input Output Output 
PinNo.s Unit Load HIGH LOW 


1 0.5 _ 
0.5 = 
0.5 = 
0.5 — 
0.5 — 
— (Note) 50 
0.5 nS 


Input/Output MINIMUM LOGIC 
“HIGH” OUTPUT 


VOLTAGE 


ae 

1 54 

hoe a 
NOISE 

IMMUNITY 

(High level) 


MINIMUM LOGIC 
“HIGH” INPUT 
VOLTAGE 


Vv 
Ly 
MAXIMUM LOGIC 


“LOW” OUTPUT 
VOLTAGE 


MAXIMUM LOGIC 
“LOW” INPUT 
VOLTAGE 


OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


DOInNI Dla; fl] alr 


NOISE 
IMMUNITY 
0.5 . {Low level) 


DRIVING DEVICE 


© 


DRIVEN DEVICE 


= 
oOo 


0.5 
0.5 
0.5 


0.5 


ORIVING 
0.5 DEVICE 


aja] ou 
Orpmoy]— 


DRIVEN 
DEVICE 


~s 
> 


15 0.5 
16 _ 


Note: Am2950 has open collector output. Note: Refer to Electrical Characteristics for measure currents. 
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INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 


ORIVING OUTPUT DRIVEN INPUT 


UNIT LOAD 
2.8kQ NOM 


UNIT LOAD DEFINITIONS 


HIGH 
Measure 
Current Voltage 


40ynA 2.4V 


50yuA 2.7V 
20uA 2.4V 
20 uA 2.7V 


40uA 2.4V 


50uA 24V 


LOW 
Measure 
Voltage 


0.4V 
0.5V 
0.3V 
0.4V 
0.4V 
0.4V 
0.5V 


SERIES 
Am25/26/2700 


Am28S/26S/27S 
Am25L/26L/27L 
Am25LS/26LS/27LS 
Am54/74 

54H/74H 
Am54S/74S 


54L/74L 
(Note 1) 


Current 
—1.6mMA 


—2.0mA 
—0.4mA 
—0.36mA 
—1.6mA 
—2.0mA 
—2.0mA 





Note: Actual current flow direction shown, 
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TRUTH TABLE 


Output Mode 


DO(t,,+)) 





—0.8mA 0.4V 








’ 54L/74L 
(Note 1) 


Am54LS/74LS 
Am9300 


20 uA 2.7V 


—0.18MA 


—0.36mA 
—1.6mA 


0.3V 


0.4V 
0.4V 


OFF 
OFF 
OFF 
Di (ty) 


No Selection 
Write ‘0’ 
Write ‘1’ 
Read 


40nA 2.4V 
20pnA 2.4V 


Am93L00 
Am93S00 
Am75/85 
Am8200 


—0.4mA 
-—2.0 mA 
—1.6mA 
—-1.6mMA 


0.3V 
0.5V 
0.4V 
0.4V 


50yuA 
40yA 
40uA 


2.7V 
2.4V 
4.5V 


= HIGH Voltage Level 
= LOW Voltage Level 
= Don’t Care 
OFF = Floating output level is determined by external 


Note: 1. 54L/74L has two different types of standard inputs. circuitry connected to the output. 
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Am29720 * Am29721 


ADDRESS 
A0-7 


{eye} 
(Ig C$ =L) 


SWITCHING WAVEFORMS 
ND 110//0000000000 
MJ 


MK 
NYAXIXIXAIAIAXAXAYAXAKARAANA 


AX tpyz(WE) 


tpw{WE) MIN 


th(DI) MAX 


IKK 


trec (WE) 





MIN WE 
ANN tpzH (WE) MIN aes HELLY VY 

LV\ 
recaaeal NWA 


| Wy 


tp_ (WE) MAX tpz_ (WE) MAX 


KEY TO TIMING DIAGRAM 


WAVEFORM 


INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROMH TOL 


MAY CHANGE 
FROM LTOH 


DON'T CARE; 
ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 
FROM L TOH 


CHANGING; 
STATE 
UNKNOWN 


CENTER 
LINE 1S HIGH 
(MPEDANCE 


"OFF" STATE 


MPR-265 
Write Cycle Timing. The cycle is initiated by an address change. After t,(A) max., the write enable may 


begin. The chip select must also be LOW for writing. Following the write pulse, tp(A) max. must be allowed 
before the address may be changed again. The output will be inactive (floating for the Am29721) while the 
write enable is LOW. Ordinarily, the chip select should be LOW during the entire write pulse. 


Figure 1 


ADDRESS 


Ao-7 ADDRESS j 


ADDRESS k 


ADDRESS | —— 








OUTPUT 
DISABLED 


READ A HIGH 
IN ADORESS j 


READ A LOW IN 
ADDRESS k 


DISABLE 
OUTPUT 


ENABLE 
OUTPUT 


READ A HIGH 
IN ADDRESS | 


Switching delays from address and chip select inputs to the data output. For the Am29721 disabled output 
is “OFF,” represented by a single center line. For the Am29720, a disabled output is HIGH. 


Figure 2 
MPR-266 


TEST LOAD 


TEST POINT 


FROM 
OUTPUT 


SOpF i 


Note: All measurements at 1.5V. 


S is closed for all tests except for Am29721 tests in which the output switches between an active HIGH 
level and a HIGH impedance state. 
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OUTPUT LOADING RULES 


The Am29720 has an open collector output. The outputs 
of several memories may be tied together and the common 
line connected through a pull-up resistor to Voc. The com- 
mon line will go LOW if and only if one of the Am29720 
outputs connected to it goes LOW, i.e., is enabled and 
reading a LOW. The HIGH state is established by the pull- 
up resistor. The value of the resistor is limited by two 
equations: 


Vcc (max) -0.4 
16 —i (1.6) 


i= number of TTL inputs 


Rimin) = driven 


DEFINITIONS OF TERMS 


SUBSCRIPT TERMS: 

H HIGH, applying to a HIGH-signal level or when used with 
Vec to indicate high Vcc value. 

| Input. 

L LOW, applying to a LOW signal level or when used with Vcc 
to indicate low Vcc value. 

O Output. 

X Unknown or don’t care state 

Z OFF, applying to the third high impedance state of the 
output. 


FUNCTIONAL TERMS: 

Three State A three state output can exist in three possible 
states: output LOW sinking current, output HIGH sourcing 
current, and output floating where the output level is deter- 
mined by external circuitry connected to the output. This 
three state output allows AND tying of memory outputs for 
memory expansion and still keeps the inherent high speed of 
active pull-up circuitry. 

Fully Decoded In a fully decoded memory every possible 
address combination of logic HIGH’s and LOW’s uniquely 
selects a memory word. This form of decoding requires no 
additional special purpose decoders for system operation and 
is the most efficient in terms of address inputs required and 
overall system speed. 

Fan-Out The logic HiGH or LOW output drive capability in 
terms of Input Unit Loads. 

Input Unit Load One T?L gate input load. 


SWITCHING TERMS: (AII switching times are measured at the 
1.5 V logic level). 

tpxyH The delay from a logic level change at an input to a 
HIGH level on an output. 


Am29720 « Am29721 


n = number of outputs 


Vcc (min) —2.4 ) 
RUSSERT ea connected together 


0.03n + 0.04i 


R(max) = 


For highest speed, use the minimum R; for lowest power, 
use the maximum R. 


The Am29721 has active circuitry to establish both the 
HIGH and LOW logic levels and requires no pull-up resistor. 
Up to 64 Am29721 outputs can be connected together. 


tpx_ The delay from a logic level change at an input to a 
LOW level on an output. 

tpxz The delay from a logic level change at an input to a 
high impedance state on a three state output. Measured with a 
resistor pull-down or pull-up. 

texx(A) 
output. 
tpxx (CS) The delay from a chip select input to the memory 
output. 

tpxz(WE) The delay from a HIGH-to-LOW transition on the 
write enable to a high impedance level on the memory output. 
tpzx(WE) The delay from a LOW-to-HIGH transition on the 
write enable to an active level on the memory output. 

tow (WE) The shortest LOW pulse on the write enable input 
which is guaranteed to cause the memory to write. Pulses 
shorter than tow(WE) min. may or may not cause a write 
to occur. 

t,(A) The set-up time of the address inputs relative to the 
HIGH-to-LOW edge of the write pulse. This is the time required 
for internal address decoding to settle. To avoid writing in 
spurious addresses, a stable address should be applied to the 
address inputs at least t,(A) max. before the write pulse begins. 
th(A) The address hold time. This parameter is similar to t,(A) 
but is measured relative to the end of the write pulse rather 
than the beginning. A stable address should be maintained on 
the address inputs for t,(A) max. after the write pulse has 
ended in order to prevent writing in spurious addresses. 

t,(DI) Data set-up time. The time prior to the end of the write 
pulse during which data must be stable to be correctly written 
into the memory. 

t, (DI) Data hold time. The time following the end of the write 
pulse during which data must not be changed. 


The delay from an address input to the memory 


Metallization and Pad Layout 


DIE SIZE 84 X 121 Mils 
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Am29720 « Am29721 


Open Collector 
Order Number 


AM29720PC 
AM29720DC 
AM29720DC-B 
AM29720DM 
AM29720DM-B 
AM29720FM 
AM29720FM-B 


AM29720XC 
AM29720XM 


BIPOLAR MICROCOMPUTER ARCHITECTURE 


Am2309 


MICROPROGRAM 
MEMORY 


INTERRUPT 
AND CONTROL 


Three-State 
Order Number 


AM29721PC 
AM29721DC 
AM29721DC-B 
AM29721DM 
AM29721DM-B 
AM29721FM 
AM29721FM-B 


AM29721XC 
AM29721XM 


Package Type 
(Note 1) 


P-16 
D-16 
D-16 
D-16 
D-16 
F-16 
F-16 


Dice 
Dice 


Am2901 


AUXILIARY 
REGISTER 


16 TWO-PORT 
REGISTERS 


ORDERING INFORMATION 


Temperature Range 
(Note 2) 


| 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Screening Level 
(Note 3) 


C-1 

C-1 

B-1 

C-3 

B-3 

C-3 

B-3 
Visual inspection 
to MIL-STD-883 
Method 2010B. 


MPR-268 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = 0°C to +70°C, M = —55°C to + 125°C. 
3. See Appendix A for details of screening. Levels C-1 and C-3 ation to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 
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Am29750A « 


Am29751A | 


256-Bit Generic Series Bipolar PROM 


PRELIMINARY DATA 


DISTINCTIVE CHARACTERISTICS 


High Speed — 40ns max commercial range access time 
Excellent performance over full MIL and commercial ranges 
Highly reliable, ultra-fast programming Platinum-Silicide 
fuses 

High programming yield 

Low current PNP inputs 

High current open collector and three-state outputs 

Fast chip select 

Access time tested with N? patterns 

Pin for pin replacements for industry standard products 
Common Generic PROM series electrical characteristics 
and simple programming procedures. 


GENERIC SERIES CHARACTERISTICS 


The Am29750A and Am29751A are members of an Advanced 
PROM series incorporating common electrical characteristics 
and programming procedures. All parts in this series are pro- 
duced with a fusible link at each memory location storing a 
logic LOW and can be selectively programmed to a logic 
HIGH by applying appropriate voltages to the circuit. 


All parts are fabricated with AMD’s fast programming highly 
reliable Platinum-Silicide Fuse technology. Utilizing easily im- 
plemented programming (and common programming personal- 
ity card sets) these products can be rapidly programmed to 
any customized pattern. Extra test words are pre-programmed 
during manufacturing to insure extremely high field program- 
ming yields, and produce excellent parametric correlation. 


Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large non- 
conductive gaps that ensure very stable long term reliabilty. 
Extensive operating testing has proven that this low-field, 
large-gap technology offers the best reliability for fusible link 
PROMs. 


Common design features include active loading of all critical 
AC paths regulated by a built-in temperature and voltage 
compensated bias network to provide excellent parametric 
performance over MIL supply and temperature ranges. Selec- 
tive feedback techniques have been employed to minimize de- 
lays through all critical paths producing the fastest speeds 
possible from Schottky processed PROMs. 


CONNECTION DIAGRAM 
Top View 


Ag Az Ad 


Note: Pin 1 is marked for orientation. 
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FUNCTIONAL DESCRIPTION 


The Am29750A and Am29751A are high speed electrically 
programmable Schotiky read only memories. Organized in the 
industry standard 32 x 8 configuration, they are available in 
both open collector Am29750A and three-state Am29751A 
output versions. After programming, stored information is read 
on outputs Og—O7 by applying unique binary addresses to 
Ao—A,4 and holding the chip select input, CS, at a logic LOW. 
If the chip select input goes to a logic HIGH, Og—O7 go to the 
off or high impedance state. 


BLOCK DIAGRAM 


32x68 
1 OF 34 FUSE ARRAY 
ROW 
DECODER 
TEST WORD 0 
TEST WORD 1 


~ 
LOGIG-SYMBOL 


Am29750A/Am29751A 
32 x 8 PROM 


cs 
Op 01 02 03 04 O5 Og 07 


Vcc = Pin 16 
GND = Pin8 
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Am29750A * Am29751A 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs (Except During Programming) —0.5V to +Vec max. 
DC Voltage Applied to Outputs During Programming 21V 
Output Current into Outputs During Programming (Max. Duration of 1 sec.) 200mA 
DC Input Voltage —0.5V to +5.5V 


DC Input Current —30mA to +5mA 


OPERATING RANGE 


COM'L Am29750AXC, Am29751AXC Ta = 0°C to +75°C Voc = 5.0V +5% 





Am29750AXM, Am29751AXM Ta = —55°C to +125°C Veco = 5.0V +10% 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
PRELIMINARY DATA 


Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 


Vv 
OH Output HIGH Voltage 

V = MIN,, 1 = 16mA 

VoL Output LOW Voltage = oe 
Vin = Min oF VIL 
Guaranteed input logical HIGH 
Guaranteed input logical LOW 

lig Input LOW Current Voc = MAX., Vin = 0.45V 

PMH ss Input HIGH Current Vcc = MAX., Vin = 2.7V 

'sc 

lec 

Vy 






Vcc = MIN., ton = —2.0mMA 
VIN = Vin or Vi“ 





















Pn Input HIGH Current Vcc = MAX., Vin = 5.5V 


Output Short Circuit Current Veco = MAX., V =0.0V (Note 2) 


| | 0.010 
rer PAG! 
a er 
SS ee 
ae ee 
a eee 
ee Se 
a Sas 
ae ae 
Sa hae 





| Vi Input Clamp Voltage Voc = MIN., | 


IN =—18MmA 
IcEX Output Leakage Current Am29751A| Vo = 2.4V 








only Vo =0.4V 


Notes: 1. Typical limits are at Voc = 5.0V and Ta = 25°C. 
2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
3. These parameters are not 100% tested, but periodically sampled. 


Vout = 2.0V @f = 1 MHz (Note 3) 
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE 
PRELIMINARY DATA 











Parameter Description Test Conditions 


Address Access Time ; 
Enable Access Time 
| ter | Enable Recovery Time 


Notes: 1. tag is tested with switch S; closed and C, = 30pF. 
2. For open collector outputs, tg, and ter are tested with S; closed to the 1.5V output level. C,; = 30pF. 


3. For three state outputs, te, is tested with C, = 30pF to the 1.5V level; S; is open for high impedance to HIGH tests and closed for high 
impedance to LOW tests. ter is tested with C_ = SpF. HIGH to high impedance tests are made with S, open to an output voltage of Voy 
— 0.5V; LOW to high impedance tests are made with S, closed to the Vo, + 0.5V level. 





AC Test Load 
(See Notes 1—3) 


SWITCHING WAVEFORMS 


—— Vou — 0.5V 


—— Vor + 0.5V 


Note: Level on output while CS is HIGH is determined externally. 
MPR-272 


KEY TO TIMING DIAGRAM 


WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 


MUST BE WILL BE 
STEADY STEADY 


DON'T CARE; CHANGING; 
ANY CHANGE STATE 
PERMITTED UNKNOWN 


CENTER 
MAY CHANGE = WILL BE HK DOES NOT LINE IS HIGH 


CHANGING APPLY IMPEDANCE 
FROMHTOL = FhoMH TOL “OFF” STATE 


CHANGING 
FROMLTOH = FROMLTOH 


LY MAY cHANGE = WILL BE 


AC TEST LOAD 
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PROGRAMMING 


The Am29750A and Am29751A are manufactured with con- 
ductive Platinum-Silicide link at each bit location. The output 
of the memory with the link in place is LOW. To program the 
device, the fusible links are selectively opened. 


The fusible links are opened one at a time by passing current 
through them from a 20 volt supply which is applied. to one 
memory output after the CS input is at a logic HIGH. Current 
is gated through the address fuse by raising the CS input 
from a logic HIGH to 15 volts. After 50 usec, the 20 volt sup- 
ply is removed, the chip enabled, and the output level sensed 
to determine if the link has opened. Most links will open within 
50 psec. Occasionally a link will be stronger and require addi- 
tional programming cycles. The recommended duration of ad- 
ditional programming periods is 5 msec. If a link has not 
opened after a total elapsed programming time of 400 msec, 
further programming of the device should not be attempted. 
Successive links are programmed in the same manner until all 
desired bit locations have been programmed to the HIGH 
level. 


Typical current into an output during programming will be ap- 
proximately 140mA until the fuse link is opened, after which 


PROGRAMMING PARAMETERS 


Parameter Description 


Voce Vcc During Programming 
Vine Input HIGH Level During Programming 
ViLp Input LOW Level During Programming 
Vosp CS Voltage During Programming 
Vop 


Vonp 


Output Voltage During Programming 

Voltage on Outputs Not to be Programmed 
lone Current into Outputs Not to be Programmed 
d(Vop)/dt 


d(Veg)/dt 


Rate of Output Voltage Change 
Rate of CS Voltage Change 





; Programming Period — First Attempt 
: Programming Period — Subsequent Attempts 


$4] 
io) 


the current drops to approximately 40mA. Current into the cs 
pin when it is raised to 15 volts is typically 1.5mA. 


The memories may become hot during programming due to 
the large currents being passed. Programming cycles should 
not be applied to one device more than 5 seconds to avoid 
heat damage. If this programming time is exceeded, all power 
to the chip including Vec¢ should be removed for a period of 5 
seconds after which programming may be resumed. 


When all programming has been completed, the data content 
of the memory should be verified by sequentially reading all 
words. Occasionally this verification will show that an extra 
undesired link has been fused. Should this occur, immediately 
check the programming equipment to make sure that all de- 
vice pins are firmly contacting the programming socket, that 
the input signal levels exhibit sufficient noise margins, and 
that the programming voltages are within the specified limits. 
All of these conditions must be maintained during program- 
ming. AMD PROMs are thoroughly tested to minimize un- 
wanted fusing; fusing extra bits is generally related to pro- 
gramming equipment problems. 


= 
5 


=!|0o0 = 
lp 9 
a;a x 


Units 
Volts 
Volts 
Volts 
Volts 
Volts 
Volts 
mA 





De) 
oO 
J 
on 
oO 


V/psec 





V/psec 





_ 
oO 
fo) 


psec 


msec 


Notes: 1. All delays between edges are specified from completion of the first edge to beginning of the second edge; i.e., not to the midpoints. 
. Delays ty, to, tg and tg must be greater than 100 ns; maximum delays of 1 ywsec are recommended to minimize heating during 
programming. 
. During ty, a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses 
are required. 
. Outputs not being programmed are connected to Vonp through resistor R which provides output current limiting. 


PROGRAMMING WAVEFORMS SIMPLIFIED PROGRAMMING DIAGRAM 


Voce VonP 
ADDRESS VIHP 
SELECTED ADDRESS STABLE 
INPUTS Vip 
——__—_—____—__|—_- Vesp 


Am29750A 
Vinp 


OR 
Am29751A 
PROGRAMMED 

OUTPUT 


VERIFY 
LVL vy, 


|+—_———— pRoGRAMMING cycle > 
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PROGRAMMING EQUIPMENT 


Generic programming boards and device adapters are avail- 
able from the sources listed below. In each case, the pro- 
gramming boards are used in these manufacturer’s automatic 


SOURCE AND LOCATION 


PROGRAMMER MODEL(S) 
AMD GENERIC BIPOLAR 
PROM PERSONALITY BOARD 


Am29750A @ Am29751A 
ADAPTERS AND 
CONFIGURATOR 


OBTAINING PROGRAMMED UNITS 


Programmed devices may be purchased from your distributor 
or Advanced Micro Devices. The program data should be 
submitted in the form of a punched paper tape and must be 
accompanied by a written truth table. The punched tape can 
be delivered with your order or may be transmitted over a 
TWX machine or time-sharing terminal. ASCII BPNF is our 
preferred paper tape format. 


ASCII BPNF 


An example of an ASCII tape in the BPNF format is shown 
‘below. They can be punched on any Teletype® or on a TWX 
or Telex machine. The format chosen provides relatively good 
error detection. Paper tapes must consist of: 


1. A leader of at least 25 rubouts. 
2. The data patterns for all 32 words, starting with word 0, in the 
following format: 
. Any characters, including carriage returniand line feed, 
except “B”. 
. The tetter ‘‘B’, indicating the beginning of the data 
word. 
. A sequence of eight Ps or Ns, starting with output O7. 
. The letter “F’, indicating the finish of the data word. 
. Any text, including carriage return and line feed, except 
the letter “B”. 


._ .TYPICAL PAPER TAPE FORMAT 


soma Pees) © 
a @ © 


TEXI ®) ©) 


‘ $$$  BPNPPNNNEF 
BPPPPPPNNF 

g¢2  BNNNPPPPNF 
BNNNNNNNUF 

QG4  BPNNNNNNEF 
BNPPNPPNNE 

$G6 BPNNPPPNNF 


$31 
"(= CARRIAGE RETURN 
®= LINE FEED 


LEADER 


——_ 


eoo0000000n0 


eooo 
o0o000 


Data I/O Corp. 
P.O. Box 308 
Issaquah, Wash. 98027 


Model 5, 7 and 9 
909-1286-1 


715-1407-1 


eoo0o°o 


Am29750A ¢ Am29751A 


programmers to program all AMD generic series bipolar 
PROMs; individual adapters are required for each basic part 
type in the series. 


Pro-Log Corp. 

2411 Garden Road 
Monterey, Ca. 93940 
M900 and M920 


PM9058 


PA16-2 and 32 x 8 (L) 


Truth tables are also acceptable, but are much less desirable 
especially for larger density PROMs. Submission of a truth 
table requires the generation of a punched paper tape at the 
distributor or factory resulting in longer lead times, greater 
possibility of error, and higher cost. 


3. A trailer of at least 25 rubouts. 


A P is a HIGH logic level = 2.4 volts. 
An N is a LOW logic level = 0.4 volts. 


A convenient pattern to use for the data words is to prefix the 
word (or every few words with the word number, then type the 
data word, then a comment, then carriage return and line feed 
as shown below. There must be no characters between the B 
and the F except for the eight Ps and Ns. If an error is made 
in a word, the entire word must be cancelled with rubouts 
back to the letter B, then the word re-typed beginning with the 
B. 


When TWxing your tape, be sure the tape is in even parity. 
Parity is not necessary if the tape is mailed. 


RESULTING DEVICE TRUTH TABLE (CS = LOW) 


Ao Os O4 


TRAILER 


—s 


ooo00000000 


oo 
0000 0 


oeeceeeereeseeereeeeeeeseeseoeeeseseeeeeoeeseeeeeeeeeereeseeoeeeeeerene 


oo0000 
° eoo000 °o 


ecooao0c000 
ooo0o0o 


ee eee” 
8 P's OR N’s LF 


—_ 
8 P's OR N's | 
OPTIONAL COMMENTS MAY BE INSERTED HERE 
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APPLYING THE Am29750A AND Am29751A 


The Am29750A and Am29751A PROMs may be used as 
code converters. Examples include conversion of hexadeci- 
mal, octal or BCD to seven segment display drive format. In 
many code conversion applications an extra PROM address 
input is available and may be used as a polarity control, 


Am25LS2569 
4-BIT COUNTER 


CODE SELECT 
INPUT 





blanking control or code selector input. The use of a single 
Am29750A or Am29751A to convert the outputs of a binary 
counter to either excess three or gray code format is illus- 
trated below. In this case both codes are generated in true 
and complemented form simultaneously. 


TRUTH TABLE 


COMPLEMENT 
07 Og Os 0,4 


TRUE 
O03 O2 0; Oo 


ADDRESS 
Ag Az Az Ay Ao 


oo 
o- 


3qd00 S3aYHL SSADX3 





G) 
PS) 
> 
=< 
7) 
Oo 
oO 
m 


oe een n nn stent ersrs cQoo0c0o0cece0ocdcodo°cdcce0ceco0o09o 


-aseesr32 00004220000 22A2+20000+++-40000 
"--00-=2=00+]00++;00+-200++=,00=,=00==00 
-o-O0Of0+0+0ft0+0-0+0+0+0+0+0;-0->0+20 
ooooooooftHH4e42224234K KK XK KOOCOCOOsA4242-4 
ass 3-000000002++24 KKK KK KOH HAH40000- 
=-oooo0o-t=a+200002+2=4- KKK XX&«KeR OOH +?00++0 
-o0Ofr+002+2+00++00242* XK XK&KH2O+70-+0+0-0 
eee e 4242342000000 CDOKKK XK KABA HH H0OCO0 0 
cooo-tesr4242224430000K KK XK K+ O0O0O03-24-0 
oor-eae2n2 0000222200 KKXKXKX KOH 70022002 


Hee 4e4n4 nin DODD COCCOA AAA AHI CTDD OOO 
O-2=0CO4A3=0042200220*xXXXXKOHAOBAOA OU 
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ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Open Collector 
Order Number 


AM29750ADC 
AM29750ADC-B 
AM29750ADM 
AM29750ADN-B 
AM29750AFM 
AM29750AFM-B 


Three-State 
Order Number 


AM29751ADC 
AM29751ADC-B 
AM29751ADM 
AM29751ADM-B 
AM29751AFM 
AM29751AFM-B 


Package Type 


(Note 1) 


D-16 
D-16 
D-16 
D-16 
F-16 
F-16 


Screening Level 
(Note 3) 


C-1 
B-1 
C-3 
B-3 
C-3 
B-3 


Temperature Range 
(Note 2) 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 


2. C = 0°C to +70°C, M = —55°C to +125°C. 


3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Leve! B-3 conforms to MIL-STD-883, 


Class B. 
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1024 Bit Generic Series Bipolar PROM 
PRELIMINARY DATA 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


High Speed — 45ns max commercial range access time The Am29760A and Am29761A are high speed electrically pro- 
Excellent performance over full MIL and commercial ranges grammable Schottky read only memories. Organized in the in- 
Highly reliable, ultra-fast programming Platinum-Silicide fuses dustry standard 256 x 4 configuration, they are available in both 
High programming yield open collector Am29760A and three-state Am29761A output 
Low current PNP inputs versions. After programming, stored information is read on out- 
High current open collector and three-state outputs puts Og— O03 by applying unique binary addresses to Ag—A; and 
Fast chip select holding the chip select inputs, CS; and CSz, at a logic LOW. If 
Access time tested with N? patterns either chip select input goes to a logic HIGH, Op-- O03 go to the off 
Pin for pin replacements for industry standard products or high impedance state. 

Common Generic PROM series electrical characteristics and 

simple programming procedures. 


BLOCK DIAGRAM 


GENERIC SERIES CHARACTERISTICS 


The Am29760A and Am29761A are members of an Advanced 
PROM series incorporating common electrical characteristics 


and programming procedures. All parts in this series are pro- wos 
x 32 


duced with a fusible link at each memory location storing a logic FUSE ARRAY 
LOW and can be selectively programmed to a logic HIGH by ROW 
applying appropriate voltages to the circuit. DECODER 


1 OF 34 


vw 1S31 MOY 


All parts are fabricated with AMD’s tast programming highly reli- 

able Platinum-Silicide Fuse technology. Utilizing easily im- 
plemented programming (and common programming personality Teer WoRD4 

card sets) these products can be rapidly programmed to any 

customized pattern. Extra test words are pre-programmed during 

manufacturing to insure extremely high field programming yields, 

and produce excellent parametric correlation. 


Platinum-Silicide was selected as the fuse link material to TOES 

‘i ‘ ' COLUMN QUAD 1 OF 8 MULTIPLEXER 
achieve a well controlled meit rate resulting in large non- DECODER 
conductive gaps that ensure very stable long term reliabilty. 
Extensive operating testing has proven that this low-field, large- 


gap technology offers the best reliability for fusible link PROMs. 


Common design features include active loading of all critical AC 
paths regulated by a built-in temperature and voltage compen- 
sated bias network to provide excellent parametric performance 
over MIL supply and temperature ranges. Selective feedback 
techniques have been employed to minimize delays through all 
critical paths producing the fastest speeds possible from 
Schottky processed PROMs. 


CONNECTION DIAGRAM LOGIC SYMBOL 
Top View 


Am29760A/Am29761A 
256 X 4PROM 


12 


Vcc = Pin 16 
Note: Pin 1 is marked for orientation. GND = Pin8 
MPR-278 MPR-280 
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Am29760A ¢ Am29761A 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs (Except During Programming) —0.5V to +Vec max. 
DC Voltage Applied to Outputs During Programming 21V 
Output Current into Outputs During Programming (Max. Duration of 1 sec.) 200mA 
DC Input Voltage —0.5V to +5.5V 
DC Input Current —30mA to +5mA 


OPERATING RANGE 


COM'L | Am29760AXC, Am29761AXC_ | Ta = 0°C to +75°C Veco = 5.0V +5% 





Am29760AXM, Am29761AXM | Ta = —55°C to +125°C | Vog = 5.0V +10% 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
PRELIMINARY DATA 


Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 


Vou Vcc = MIN., loy = —2.0mMA 
(Am27821 only) Output HIGH Voltage Vin = Vin or Vib 2.4 
Vcc =MIN., | =16mA 
VoL Output LOW Voltage me OF 
VIN = Vin or Vit 
Vin input HIGH: Level Guaranteed input logical HIGH 2.0 
voltage for all inputs 
Vib Input LOW Level Guaranteed input logical LOW 
voltage for al! inputs 
Input HIGH Current Vcc = MAX., Vin = 2.7V 
Input HIGH Current Vcc = MAX., Vin = 5.5V 


t 
sc ficult 5 é 6 
(Am27S21 only) Output Short Circuit Current Vcc = MAX., VouT = 0.0V (Note 2) 20 
All inputs = GND 
'cc Power Supply Current Voc = MAX. 
vi Input Clamp Voltage Vec = MIN., iy = -18MA 
ICEX 


oO = . 
Vec = MAX. | am29761A| Vo = 2.4V | 


Note 1. Typical limits are at Vec = 5.0V and Ta = 25°C 
2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
3. These parameters are not 100% tested, but are periodically sampled. 
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE 
PRELIMINARY DATA 






Parameter Description Test Conditions 


tad Address Access Time 
tEA Enable Access Time 
| ter | Enable Recovery Time 


Notes: 1. ta, is tested with switch S; closed and C, = 30pF. 
2. For open collector outputs, tea and ter are tested with S; closed to the 1.5V output level. C, = 30pF. 
3. For three state outputs, te, is tested with C; = 30pF to the 1.5V level; S, is open for high impedance to HIGH tests and closed for high 
impedance to LOW tests. ter is tested with C, = 5pF. HIGH to high impedance tests are made with S; open to an output voltage of Voy 
— 0.5V; LOW to high impedance tests are made with S, closed to the Vo, + 0.5V level. 











AC Test Load 
(See Notes 1—3) 


SWITCHING WAVEFORMS 


Vou — 0.5V 


—— Vor + 0.5V 


Note: Level on output while either CS is HIGH is determined externally. MPRCoet 


KEY TO TIMING DIAGRAM 


WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 


DON'T CARE; CHANGING; 
ANY CHANGE STATE 
PERMITTED UNKNOWN 


MUST BE WILL BE 
STEADY STEADY 


CENTER 
MAY CHANGE WILL BE WH DOES NOT LINE 1S HIGH 


CHANGING APPLY IMPEDANCE 
FROMHTOL = FROMH TOL "OFF" STATE 


CHANGING 


FROMLTOH = EROMLTOH 


LY MAY CHANGE WILL BE 


AC TEST LOAD 
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PROGRAMMING 


The Am29760A and Am29761A are manufactured with conduc- 
tive Platinum-Silicide link at each bit location. The output of the 
memory with the link in place is LOW. To program the device, the 
fusible links are selectively opened. 


The fusible links are opened one at a time by passing current 
through them from a 20 volt supply which is applied to one 
memory output after the CS, input is at a logic HIGH. Current 
is gated through the addressed fuse by raising the CS, input 
from a logic HIGH to 15 volts. After 50 usec, the 20 volt sup- 
ply is removed, the chip enabled, and the output level sensed 
to determine if the link has opened. Most links will open within 
50 psec. Occasionally a link will be stronger and require addi- 
tional programming cycles. The recommended duration of ad- 
ditional programming periods is 5 msec. If a link has not 
opened after a total elapsed programming time of 400 msec, 
further programming of the device should not be attempted. 
Successive links are programmed in the same manner until all 
desired bit locations have been programmed to the HIGH 
level. 


Typical current into an output during programming will be approx- 


PROGRAMMING PARAMETERS 


Parameter Description 


Voce Vcc During Programming 
Vine Input HIGH Level! During Programming 
ViLP Input LOW Level During Programming 
Vosp Cs, Voltage During Programming 
Vop Output Voltage During Programming 
Vonp Voltage on Outputs Not to be Programmed 
lone Current into Outputs Not to be Programmed 
d(Vop)/at 


d(Vcs)/dt 


Rate of Output Voltage Change 
Rate of CS;, Voltage Change 
Programming Period — First Attempt 


tp 
Programming Period — Subsequent Attempts 


Notes: 1. 


imately 140mA until the fuse link is opened, after which the 
current drops to approximately 40mA. Current into the CS, pin 
when it is raised to 15 volts is typically 1.5mA. 


The memories may become hot during programming due to the 
large currents being passed. Programming cycles should not be 
applied to one device more than 5 seconds to avoid heat damage. 
If this programming time is exceeded, all power to the chip includ- 
ing Vcc should be removed for a period of 5 seconds after which 
programming may be resumed. 


When all programming has been completed, the data content of 
the memory should be verified by sequentially reading all words. 
Occasionally this verification will show that an extra undesired 
link has been fused. Should this occur, immediately check the 
programming equipment to make sure that all device pins are 
firmly contacting the programming socket, that the input signal 
levels exhibit sufficient noise margins, and that the programming 
voltages are within the specified limits. All of these conditions 
must be maintained during programming. AMD PROMs are 
thoroughly tested to minimize unwanted fusing; fusing extra bits 
is generally related to programming equipment problems. 


Units 
Volts 
Volts 
Volts 
Volts 
Volts 
Volts 
mA 


15.5 


_ 
© 


Vipsec 
V/usec 
usec 
msec 


[es [es 
ee 


All delays between edges are specified from completion of the first edge to beginning of the second edge; i.e., not to the midpoints. 


. Delays ty, to, tg and t, must be greater than 100 ns; maximum delays of 1 zsec are recommended to minimize heating during programming. 
. During ty, a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses are 


required. 


. Outputs not being programmed are connected to Vonp through resistor R which provides output current limiting. 


PROGRAMMING WAVEFORMS 


Vip 
ADDRESS SELECTED ADDRESS STABLE 
INPUTS Vite 


i——— _Vesp 


cs, 
ENABLE 
VHP 


PROGRAMMED 
OUTPUT 


MPR-283 
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SIMPLIFIED PROGRAMMING DIAGRAM 


R > 30022 


Am29760A 
OR 


Am29761A 


MPR-284 





PROGRAMMING EQUIPMENT 


Generic programming boards and device adapters are available 
from the sources listed below. In each case, the programming 
boards are used in these manufacturer’s automatic programmers 


SOURCE AND LOCATION 


PROGRAMMER MODEL(S) 


AMD GENERIC BIPOLAR 
PROM PERSONALITY BOARD 


Am29760A @ Am29761A 
ADAPTERS AND 
CONFIGURATOR 


OBTAINING PROGRAMMED UNITS 


Programmed devices may be purchased from your distributor or 
Advanced Micro Devices. The program data should be submitted 
in the form of a punched paper tape and must be accompanied by 
a written truth table. The punched tape can be delivered with your 
order or may be transmitted over a TWX machine or time-sharing 
terminal. ASCII BPNEF is our preferred paper tape format. 


ASCIll BPNF 


An example of an ASCII tape in the BPNF format is shown below. 
They can be punched on any Teletype® or on a TWX or Telex 
machine. The format chosen provides relatively good error detec- 
tion. Paper tapes must consist of: 


1. A leader of at least 25 rubouts. 
2. The data patterns for all 256 words, starting with word 0, in the 
following format: 
a. Any characters, including carriage return and line feed, 
except “B”. 
. The letter “B”, indicating the beginning of the data word. 
. A sequence of four Ps or Ns, starting with output O03. 
. The letter “F’, indicating the finish of the data word. 
. Any text, including carriage return and line feed, except the 
letter “B”’. 


TYPICAL PAPER TAPE FORMAT 


WORD ZERO (R) © 
COMMENT FIELD (R) (2) 
ANY @) 


BNNNPF 
BPPNNF 
BPPPNF 
BNNNNF 
BNNNPF 
BPPNNF 
BPPNNF 


eeenee 
eoeeen 


BPPPNF 


Data 1/O Corp. 
P.O. Box 308 
Issaquah, Wash. 98027 


Model! 5, 7 and 9 
909-1286-1 


715-1408-1 


Am29760A * Am29761A 


to program all AMD generic series bipolar PROMs; individual 
adapters are required for each basic part type in the series. 


Pro-Log Corp. 

2411 Garden Road 
Monterey, Ca. 93940 
M300 and M920 


PM9058 


PA16-1 and 256 x 4 (L) 


Truth tables are also acceptable, but are much less desirable 
especially for larger density PROMs. Submission of a truth table 
requires the generation of a punched paper tape at the distributor 
or factory resulting in longer lead times, greater possibility of 
error, and higher cost. 


3. A trailer of at least 25 rubouts. 


A P is a HIGH logic level = 2.4 volts. 
An N is a LOW logic level = 0.4 volts. 


Aconvenient pattern to use for the data words is to prefix the word 
(or every few words with the word number, then type the data 
word, then a comment, then carriage return and line feed as 
shown below. There must be no characters between the B and 
the F except for the four Ps and Ns. If an error is made in a word, 
the entire word must be cancelled with rubouts back to the letter 
B, then the word re-typed beginning with the B. 


When TWxing your tape, be sure the tape is in even parity. 
Parity is not necessary if the tape is mailed. 


RESULTING DEVICE TRUTH TABLE (CS, & CS, = LOW) 





ASCII PAPER TAPE 









LEADER 
——— 


eaco0c0c00n0 








o000 






cooo 
eee 








eo0o000 


° eooo00 ° 













4‘P’s OR ‘N's 


eooe0c000 000 






oo00 
eo0og00 9 
eeeceseeeccesee ee esses e ene seseeeseseeeeseerseereee see eeresseeenees 
eoooco0og0 

eooo00 





4‘P’s OR’N's 


CR TRAILER 


— 


oo 


























LF 





OPTIONAL COMMENTS MAY BE INSERTED HERE 
MPR-285 


2-239 


Am29760A * Am29761A 


APPLYING THE Am29760A/61A 


Typical application of the Am29760A/61A is shown below. The 
Am29760A/61A’s are employed as mapping ROMs in a micro- 
program computer control unit. The eight-bit macroinstruction 
from main memory is brought into the Ap_7 inputs of the mapping 
ROM array. The instruction is mapped into a 12-bit address 
space with each PROM output supplying 4 bits. The 12 bits of 
address are then supplied to the “D” inputs of the Am2910 as a 
possible next address source for microprogram memory. The 


MACRO 
INSTRUCTION 
Cc 


Am29760A 


OR 
Am29761A 


Am29760A 


OR 
Am29761A 


Am28760A 


Am29761A 


MAP output of the Am2910 is connected to the CS, input of 
the Am29760A/61A such that when the CS, input is HIGH, 
the outputs of the PROMs are either HIGH in the case of the 
Am29760A or in the three-state mode in the case of the 
Am29761A. In both cases the CS, input is grounded, thus 
data from other sources are free to drive the D inputs of the 
Am2910 when MAP is HIGH. 


OTHER DATA INPUTS 


MICROPROGRAM 
MEMORY 
ADDRESS 


MiICROPROGRAMMING INSTRUCTION MAPPING 
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ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Open Collector Three-State Package Type Temperature Range Screening Level 


Order Number Order Number (Note 1) 


AM29760ADC AM29761ADC D-16 
AM29760ADC-B AM29761ADC-B D-16 
AM29760ADM AM29761ADM D-16 
AM29760ADM-B AM29761ADM-B D-16 
AM29760AFM AM29761AFM F-16 
AM29760AFM-B AM29761AFM-B F-16 


(Note 2) (Note 3) 


C-1 
B-1 
C-3 
B-3 
C-3 
B-3 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 


2. C = 0°C to +70°C, M = —55°C to +125°C. 


3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 


Class B. 
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Am29770 e 


Am29771 


2048-Bit Generic Series Bipolar PROM 


PRELIMINARY DATA 


DISTINCTIVE CHARACTERISTICS 


High Speed — 50ns max commercial range access time 
Excellent performance over full MIL and commercial ranges 
Highly reliable, ultra-fast programming Platinum-Silicide 
fuses 

High programming yield 

Low current PNP inputs 

High current open collector and three-state outputs 

Fast chip select 

Access time tested with N2 patterns 

Pin for pin replacements for industry standard products 
Common Generic PROM series electrical characteristics 
and simple programming procedures. 


GENERIC SERIES CHARACTERISTICS 


The Am29770 and Am29771 are members of an Advanced 
PROM series incorporating common electrical characteristics 
and programming procedures. All parts in this series are pro- 
duced with a fusible link at each memory location storing a 
logic LOW and can be selectively programmed to a logic 
HIGH by applying appropriate voltages to the circuit. 


All parts are fabricated with AMD's fast programming highly 
reliable Platinum-Silicide Fuse technology. Utilizing easily im- 
plemented programming (and common programming personal- 
ity card sets) these products can be rapidly programmed to 
any customized pattern. Extra test words are pre-programmed 
during manufacturing to insure extremely high field program- 
ming yields, and produce excellent parametric correlation. 


Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large non- 
conductive gaps that ensure very stable long term reliability. 
Extensive operating testing has proven that this low-field, 
large-gap technology offers the best reliability for fusible link 
PROMs. 


Common design features include active loading of all critical 
AC paths regulated by a built-in temperature and voltage 
compensated bias network to provide excellent parametric 
performance over MIL supply and temperature ranges. Selec- 
tive feedback techniques have been employed to minimize de- 
lays .through all critical paths producing the fastest speeds 
possible from Schottky processed PROMs. 


CONNECTION DIAGRAM 
Top View 


Ag CS Op 0; 


Note: Pin 1 is marked for orientation. 


MPR-287 
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FUNCTIONAL DESCRIPTION 


The Am29770 and Am29771 are high speed electrically pro- 
grammable Schottky read only memories. Organized in the 
industry standard 512 x 4 configuration, they are available in 
both open collector Am29770 and three-state Am29771 output 
versions. After programming, stored information is read on 
Outputs Og—O3 by applying unique binary addresses to 
Ao—Ag and holding the chip select input, CS, at a logic LOW. 
If the chip select input goes to a logic HIGH, Og~—O3 go to the 
off or high impedance state. 


BLOCK DIAGRAM 


COLUMN TEST RAIL 


64 x 32 
FUSE ARRAY 


v¥ 1LS3L MOY 


TEST WORD 0 


TEST WORD 1 


10F 8 
COLUMN 
DECODER 


QUAD 1 OF 8 MULTIPLEXER 
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LOGIC SYMBOL 


Am29770/Am29771 
512 x 4 PROM 


Vec = Pin 16 
GND = Pin8 


MPR-289 





Am29770 « Am29771 
MAXIMUM RATINGS (Above which the useful life may be impaired) 





Storage Temperature —65°C to +150°C 
Temperature (Ambient) Under Bias —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs (Except During Programming) —0.5V to +Vcec max. 
DC Voltage Applied to Outputs During Programming 21V 
Output Current into Outputs During Programming (Max. Duration of 1 sec.) 200mA 
DC Input Voltage —0.5V to +5.5V 
DC Input Current : —30mA to +5mA - 





OPERATING RANGE 


COM’L Am29770XC, Am29771XC Ta = 0°C to +75°C Voc = 5.0V +5% 


Am29770XM, Am29771XM Ta = —55°C to +125°C Vee = 5.0V +10% 





ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
PRELIMINARY DATA 


Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 


VoOH Vec = MIN., lon = —2-0mA 
(Am29771 only) Output HIGH Voltage Vin = Vin or Vib 2.4 Volts 
Vec = MIN., lot = 16mMA 
QUtpUE LOW Voltage ce OL Volts 
Vin = Vin or Vin 
Input HIGH Level Guaranteed input logical HIGH Volts 
voltage for all inputs 
Input LOW Level Guaranteed input logical LOW Volts 
voltage for all inputs 
Ne Input LOW Current Vcc = MAX., Vin = 0.45V 
NH Input HIGH Current Vcc = MAX,, Vin = 2.7V me 


Input HIGH Current Voc = MAX., Vin = 5.5V 


I 
ae only) Output Short Circuit Current Vcc = MAX., Vout = 9.0V (Note 2) 


Era 
(ine eae 
a eee 
soe 
ae Ait 
ees eee eae 
a aay 
































<| oO 
mas) 


Input Clamp Voltage Vec =MIN., i 
IcEx Output Leakage Current mae 2.4V_ Am29771 nem = 2.4V 


Notes: 1. Typical limits are at Voc = 5.0V and Ta = 25°C. 
2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
3. These parameters are not 100% tested, but are periodically sampled. 
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Am29770 ¢ Am29771 


SWITCHING CHARACTERISTICS OVER OPERATING RANGE 
PRELIMINARY DATA 






Parameter Description 


Address Access Time 
Enable Access Time 
| ter | Enable Recovery Time 


Notes: 1. ta, is tested with switch S; closed and C_ = 30pF. 
2. For open collector outputs, te, and ter are tested with S, closed to the 1.5V output level. C_ = 30pF. 
3. For three state outputs, te, is tested with C; = 30pF to the 1.5V level; S; is open for high impedance to HIGH tests and closed for high 
impedance to LOW tests. ter is tested with C_ = 5pF. HIGH to high impedance tests are made with S; open to an output voltage of Voy 
— 0.5V; LOW to high impedance tests are made with S, closed to the Vo, + 0.5V level. 


Test Conditions 












AC Test Load 
(See Notes 1-3) 


SWITCHING WAVEFORMS 


Ag-Ag —= 





VoH — 0.5V 
0-03 





1.5V 
—— Vo_ + 0.5V 


VoL 


Note: Level on output while CS is HIGH is determined externally. 
MPR-290 


KEY TO TIMING DIAGRAM 


WAVEFORM 


Wh 
Lil 


INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROMH TOL 


MAY CHANGE 
FROMLTOH 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROMH TOL 


WILL BE 
CHANGING 
FROM LTOH 


WAVEFORM 


AK 
THM 


AC TEST LOAD 


Yoo O_o 


OUTPUT 


INPUTS 


DON'T CARE; 
ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 


OUTPUTS 


CHANGING; 
STATE 
UNKNOWN 


CENTER 
LINE 1S HIGH 
IMPEDANCE 
“OFF” STATE 
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Am29770 ¢ Am29771 


PROGRAMMING 


The Am29770 and Am29771 are manufactured with conduc- 
tive Platinum-Silicide link at each bit location. The output of 
the memory with the link in plaee is LOW. To program the de- 
vice, the fusible links are selectively opened. 


The fusible links are opened one at a time by passing current 
through them from a 20 volt supply which is applied to one 
memory output after the CS input is at a logic HIGH. Current 
is gated through the addressed fuse by raising the CS input 
from a logic HIGH to 15 volts. After 50 sec, the 20 volt sup- 
ply is removed, the chip enabled, and the output level sensed 
to determine if the link has opened. Most links will open within 
50 usec. Occasionally a link will be stronger and require addi- 
tional programming cycles. The recommended duration of ad- 
ditional programming periods is 5 msec. If a link has not 
opened after a total elapsed programming time of 400 msec, 
further programming of the device should not be attempted. 
Successive links are programmed in the same manner until all 
desired bit locations have been programmed to the HIGH 
level. 


Typical current into an output during programming will be ap- 
proximately 140mA until the fuse link is opened, after which 


PROGRAMMING PARAMETERS 


Parameter Description 


the current drops to approximately 40mA. Current into the CS 
pin when it is raised to 15 volts is typically 1.5mA. 


The memories may become hot during programming due to 
the large currents being passed. Programming cycles should 
not be applied to one device more than 5 seconds to avoid 
heat damage. If this programming time is exceeded, all power 
to the chip including Vcc should be removed for a period of 5 
seconds after which programming may be resumed. 


When all programming has been completed, the data content 
of the memory should be verified by sequentially reading all 
words. Occasionally this verification will show that an extra 
undesired link has been fused. Should this occur, immediately 
check the programming equipment to make sure that all de- 
vice pins are firmly contacting the programming socket, that 
the input signal levels exhibit sufficient noise margins, and 
that the programming voltages are within the specified limits. 
All of these conditions must be maintained during program- 
ming. AMD PROMs are thoroughly tested to minimize un- 
wanted fusing; fusing extra bits is generally related to pro- 
gramming equipment problems. 


Vec During Programming 
Input HIGH Level During Programming 
Input LOW Level During Programming 


CS Voltage During Programming 


Current into Outputs Not to be Programmed 


Rate of Output Voltage Change 


d(Vcs)/dt Rate of CS Voltage Change 
Programming Period — First Attempt 


Programming Period — Subsequent Attempts 


All delays between edges are specified from completion of the first edge to beginning of the second edge; i.e., not to the midpoints. 
. Delays ty, to, tg and tg must be greater than 100 ns; maximum delays of 1 usec are recommended to minimize heating during 


programming. 


. During ty, a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses 


are required. 


. Outputs not being programmed are connected to Vonp through resistor R which provides output current limiting. 


PROGRAMMING WAVEFORMS 


ADDRESS * SELECTED ADDRESS STABLE 
INPUTS 


Cc 
ENABLE 


PROGRAMMED 


OUTPUT 
a OUTPUT 77 
LYERIFY YY 


|. _________ PROGRAMMING cycle ——————_>| 


SIMPLIFIED PROGRAMMING DIAGRAM — 


Voce Vonp 


MPR-293 
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Am29770 ¢ Am29771 


PROGRAMMING EQUIPMENT 


Generic programming boards and device adapters are avail- 
able from the sources listed below. In each case, the pro- 
gramming boards are used in these manufacturer’s automatic 


programmers to program all AMD generic series bipolar 
PROMs; individual adapters are required for each basic part 
type in the series. 


SOURCE AND LOCATION Data 1/O Corp. 


P.O. Box 308 
Issaquah, Wash. 98027 


Mode! 5, 7 and 9 
909-1286-1 


Pro-Log Corp. 
2411 Garden Road 
Monterey, Ca. 93940 


M900 and M920 
PM9058 


PROGRAMMER MODEL(S) 
AMD GENERIC BIPOLAR 
PROM PERSONALITY BOARD 


Am29770 ¢ Am29771 715-1408-2 PA16-1 and 512 x 4 (L) 


ADAPTERS AND 
CONFIGURATOR 


OBTAINING PROGRAMMED UNITS 


Programmed devices may be purchased from your distributor 
or Advanced Micro Devices. The program data should be 
submitted in the form of a punched paper tape and must be 
accompanied by a written truth table. The punched tape can 
be delivered with your order or- may be transmitted over a 
TWX machine or time-sharing terminal. ASCII] BPNF is our 
preferred paper tape format. 


ASCil BPNF 


An example of an ASCII tape in the BPNF format is shown 
below. They can be punched on any Teletype® or on a TWX 
or Telex machine. The format chosen provides relatively good 
error detection. Paper tapes must consist of: 


1. A leader of at least 25 rubouts. 
2. The data patterns for all 512 words, starting with word 0, in 
the following format: 
. Any characters, including carriage return and line feed, 
except “B”. 
. The letter ‘“B”, indicating the beginning of the data 
word. 
. A sequence of four Ps or Ns, starting with output O3. 
. The letter “F’, indicating the finish of the data word. 
. Any text, including carriage return and line feed, except 
the letter “B”. 


TYPICAL PAPER TAPE FORMAT 


WORD ZERO (R) () 


COMMENT FIELD (R) (L) 
ANY (®) 


BNNNPF 
BPPNNF 
BPPPNF 
BNNNNF 
BNNNPF 
BPPNNF 
BPPNNF 


eeoeree 
eoetee 


BPPPNF 


LEADER 
25 RUBOUTS 
—_— 


eo00g0000c000 


eooo0°0 eooo°o 


e0ao00 


4'P’s CR ‘N's 


Truth tables are also acceptable, but are much less desirable 
especially for larger density PROMs. Submission of a truth 
table requires the generation of a punched paper tape at the 
distributor or factory resulting in longer lead times, greater 
possibility of error, and higher cost. 


3. A trailer of at least 25 rubouts. 


A P is a HIGH logic tevel = 2.4 volts. 
An N is a LOW logic level = 0.4 volts. 


A convenient pattern to use for the data words is to prefix the 
word (or every few words with the word number, then type the 
data word, then a comment, then carriage return and line feed 
as shown below. There must be no characters between the B 
and the F except for the four Ps and Ns. If an error is made in 
a word, the entire word must be cancelled with rubouts back 
to the letter B, then the word re-typed beginning with the B. 


When TWxXing your tape, be sure the tape is in even parity. 
Parity is not necessary if the tape is mailed. 


RESULTING DEVICE TRUTH TABLE (cs = LOW) 
0; O% 


Deee Perr ereree 





TRAILER 
25 RUBOUTS 
Saal 


eoo00000 000 


4‘P’s OR ‘N's 


OPTIONAL COMMENTS MAY BE INSERTED HERE 


MPR-294 
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Am29770 « Am29771 


APPLYING THE Am29770 AND Am29771 


The Am29770 and Am29771 can be used with a high speed tiplexer output causing a predetermined branch address to be 
counter to form a pico-controller for microprogrammed sys- loaded into the parallel inputs of the counters on the next 
tems. A typical application is illustrated below wherein a mul- clock pulse. The counter then accesses the preprogrammed 
tiplexer, under control of one of the PROMs, is continuously data or control information sequence from the PROMs. 
sensing the CONDITIONAL TEST INPUTS. When the 

selected condition occurs, a HIGH signal will result at the mul- 


CONDITIONAL TEST INPUTS 
TTT, 


0123 4 5 6 7 


Am74S151 
MULTIPLEXER 


pues 


Am74S161 Am74S161 Am74S161 


= oF - — 


OUTPUT BITS FOR DATA OR CONTROL 


MPR-295 


ORDERING INFORMATION 
Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Open Collector Three-State Package Type Temperature Range Screening Level 
Order Number Order Number (Note 1) (Note 2) (Note 3) 


AM29770DC AM29771DC D-16 C-1 
AM29770DC-B AM29771DC-B D-16 B-1 
AM29770DM AM29771DM D-16 C-3 
AM29770DM-B AM29771DM-B D-16 B-3 
AM29770FM AM29771FM F-16 C-3 
AM29770FM-B AM29771FM-B F-16 B-3 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = 0°C to +70°C, M = —55°C to +125°C. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 
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Am29774 


Am29775 


4096-Bit Generic Series Bipolar PROM with Register 


~ PRELIMINARY DATA 


DISTINCTIVE CHARACTERISTICS 


® On chip edge triggered registers — Ideal for pipelined 
microprogrammed systems 

e Versatile synchronous and asynchronous enables for 
simplified word expansion 

e@ Predetermined OFF outputs on power-up 

Fast 50ns address setup and 20ns clock to output times 

Excellent performance over the military range 

Performance pretested with N? patterns 

Space saving 22 pin package 

Highly reliable, ultra-fast programming Platinum-Silicide fuses 

High programming yield 

Low current PNP inputs 

High current open collector and three state outputs 

Common Generic PROM Series characteristics and pro- 

gramming procedures 


BLOCK DIAGRAM 


COLUMN TEST RAIL 


64 x 64 
PROGRAMMABLE 
ARRAY 


ROW TEST RAIL 


TEST WORD 0 


TEST WORD 1 


[ testworos 
IAI ASS 


8x 1 OF 8 MULTIPLEXER 


| [ean EDGE TRIGGERED necisten| 


mae ee fal 


MPR-296 


LOGIC SYMBOL 


19 20 21 1 2 
Ag Ay Az Ag Aq As Ag Az Ag 


Am29774/75 
4K REGISTERED PROM 


Qyp Q1 Qo Q3 Qg As Gg Q7 


Voc = Pin 22 


7 8 9 10 12 13 14 15 GND = Pin 11 


MPR-297 
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FUNCTIONAL DESCRIPTION 


The Am29774 and Am29775 are electrically programmable 
Schottky TTL read only memories incorporating true D-type, 
master-slave data registers on chip. These devices feature the 
versatile 512 word by 8 bit organization and are available in both 
the open collector Am29774 and three-state Am29775 output 
versions. Designed to optimize system performance, these de- 
vices also substantially reduce the cost of pipelined micropro- 
grammed systems and other designs wherein accessed 
PROM data is temporarily stored in a register. The Am29774 
and Am29775 also offer maximal flexibility for memory expan- 
sion and data bus control by providing both synchronous and 
asynchronous output enables. 


When Vcc power is first applied, the synchronous enable (E.) 
flip-flop will be in the set condition causing the outputs, Qo-Q7, to 
be in the OFF or high impedance state, eliminating the need for a 
register clear input. Reading data is accomplished by first apply- 
ing the binary word address to the address inputs, Ag-Ag, and a 
logic LOW to the synchronous output enable, E>. During the 
address setup time, stored data is accessed and loaded into the 
master flip-flops of the data register. Since the synchronous 
enable setup time is less than the address setup requirement, 
additional decoding delays may occur in the enable path without 
reducing memory performance. Upon the next LOW-to-HIGH 
transition of the clock, CP, data is transferred to the slave flip- 
flops which drive the output buffers. Providing the asynchronous 
enable, E;, is also LOW, stored data will appear on the outputs, 
Qo-Qz. If Ep is HIGH when the positive clock edge occurs, outputs 
go to the OFF or high impedance state. The outputs may be 
disabled at any time by switching E, to a HIGH level. Following 
the positive clock edge, the address and synchronous enable 
inputs are free to change; changes do not affect the ouputs until 
another positive clock edge occurs. This unique feature allows 
the PROM decoders and sense amplifiers to access the next 
location while previously addressed data remains stable on the 
outputs. For less complex applications either enable may be 
effectively eliminated by tying it to ground. 


The on-chip, edge triggered register simplifies system timing 
since the PROM clock may be derived directly from system clock 
without introducing dangerous race conditions. Other register 
timing requirements are similar to those of standard Schottky 
registers and are easily implemented. 


CONNECTION DIAGRAM 
Top View 


Eo cP 


Q3 GND 


: Pin 1 is marked for orientation. 





Am29774 ¢ Am29775 


GENERIC SERIES CHARACTERISTICS 


The Am29974 and Am29775 are members of an Advanced 
PROM series incorporating common electrical characteristics 
and programming procedures. All parts in this series are pro- 
duced with a fusible link at each memory location storing a logic 
LOW and can be selectively programmed to a logic HIGH by 
applying appropriate voitages to the circuit. 


All parts are fabricated with AMD’s fast programming highly reli- 
able Platinum-Silicide Fuse technology. Utilizing easily im- 
plemented programming (and common programming personality 
card sets) these products can be rapidly programmed to any 
customized pattern. Extra test words are pre-programmed during 
manufacturing to insure extremely high field programming yields, 
and produce excellent parametric correlation. 


Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large non- 
conductive gaps that ensure very stable long term reliability. 
Extensive operating testing has proven that this low-field, large- 
gap technology offers the best reliability for fusible tink PROMs. 


Common design features include active loading of all critical AC 
paths regulated by a built-in temperature and voltage compen- 
sated bias network to provide excellent parametric performance 
over MIL supply and temperature ranges. Selective feedback 
techniques have been employed to minimize delays through ail 
critical paths producing the fastest speeds possible from 
Schottky processed PROMs. 





MAXIMUM RATINGS (Above which the useful life may be impaired) 





Storage Temperature 
Temperature (Ambient) Under Bias 





Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous 





DC Voltage Applied to Outputs (Except During Programming) 








~65°C to +150°C 


~55°C to +125°C 
’ -—0.5V to +7.0V 


—0.5V to +Voc max. 


DC Voltage Applied to Outputs During Programming 21V 
Output Current into Outputs During Programming (Max. Duration of 1 sec.) 200mA 
DC Input Voltage . ~0.5V to +5.5V 





DC Input Current 
OPERATING RANGE 





—30mA to +5mA 


COM'L | AM29774XC, AM29775XC Ta = 0°C to +75°C Voc = 5.0V +5% 





AM29774XM, AM29775XM To = —55°C to +125°C Voc = 5.0V +10% 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 


PRELIMINARY DATA 


Parameters Description 







fin Input LOW Current 


Output Leakage Current 





Cout 


Notes: 1. Typical limits are at Voc = 5.0V and Ta = 25°C. 


Test Conditions Min. 


= 
Ce 
[Input Low Curent | Voc = MAX. Vin = 0.45V | 


Input HIGH Current Voc = MAX., Vin = 2.7V 
Input HIGH Current Voc = MAX., Vin = 5.5V 


(Am29775 only) Output Short Circuit Current Voc = MAX., Vout = 0.0V (Note 2) 
All inputs = GND 
Power Supply Current Voc = MAX. 


ViH 
Vit 
Nit 
Isc 
lec 
Input Clamp Voltage Voc = MIN., ly = —18MA 
Am29775 | Vo = 2.4V 
only 
input Capacitance Vin = 2.0V @ f = 1MHz (Note 3) 
| Cours Output Capacitance Vout = 2.0V @ f = 1MHz (Note 3) 





Typ. 
(Note 1) Max. . 





Vo = 0.4V 


2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
3. . These parameters are not 100% tested, but are periodically sampled. 
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE 
PRELIMINARY DATA 
Ta= 25°C 
Vcc = 5.0V COM’L MIL 
Parameter Description Test Conditions Typ. Min. Max. Min. Max. Min. Max. Units 


Address to CP (HIGH) Setup Time 
Address to CP (HIGH) Hold Time 
























tpyi(CP) | Delay from CP (HIGH) to Output Cy. = 30pF 
tpty(CP) | (HIGH or LOW) S1 closed. 
twr(CP) (See AC Test 
twi (CP) CP Width (HIGH or LOW) Load below) 
WL 


E> to CP (HIGH) Setup Time 
E> to CP (HIGH) Hold Time 


tpz_(CP) | Delay from CP (HIGH) to Active 
t CP) | Output (HIGH or LOW) (Note 1 
pzH(C ) put ( a ) ( ) S, closed for tpz,. 
tpzi(Ey) | Delay from E; (LOW) to Active and open for tpzy 
tpzH(E) | Output (HIGH or LOW) (Note 1) 
tp_z(CP) | Delay from CP (HIGH) to Inactive CG, = 

: L = 5pF (Note 2) 
tprz(CP) Output OE ot high Impedance)(Note 1) S, closed for tp. 
tpi z(E4) Delay from E, (HIGH) to Inactive Output 
tpHz(E1) | (OFF or high Impedance)(Note 1) 


and open for tpyz 
Notes: 1. tpyz and tpzy apply to the three-state Am29775 only. 
2. tpyz and tp_z are measured to the Voy — 0.5V and Vo, + 0.5V output levels respectively. All other switching parameters are tested from and to 
the 1.5V threshold levels. 
3. Tests are performed with input 10% to 90% rise and fall times of 5ns or less. 







a mes 
—_ 


SWITCHING WAVEFORMS 


AC TEST LOAD KEY TO TIMING DIAGRAM 


WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 


DON’T CARE; CHANGING; 
ANY CHANGE STATE 
PERMITTED UNKNOWN 


MUST BE WILL BE 
STEADY STEADY 


MAY CHANGE WILL BE 


CHANGING 
FROMHTOL  FROMHTOL 


DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 
“OFF” STATE 


CHANGING 
FROMLTOH FROM LTOH 


iia May cHANGE WILL BE 


MPR-300 
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PROGRAMMING 


The Am29774 and Am29775 are manufactured with a conductive 
Platinum-Silicide link at each bit location. The output of the mem- 
ory with the link in place is LOW. The fusible links are opened one 
at a time by passing current through them from a 20 volt supply 
which is applied to the memory output after the E, input is at a 
logic HIGH. Current is gated through the addressed fuse by 
raising the E, input from a logic HIGH to 15 volts. After 50 usec, 
the 20 volt supply is removed, the chip is enabled and the CP 
input is clocked. Each data verification attempt must be preceded 
by a positive going (LOW-to-HIGH) clock edge to load the array 
data into the on-chip register. The output level is then sensed to 
determine if the link has opened. Most links will open within 50 
psec. Occasionally a link will be stronger and require additional 
programming cycles. The recommended duration of additional 
programming periods is 5 msec. If a link has not opened after a 
total elapsed programming time of 400 msec, further pro- 
gramming of the device should not be attempted. Successive 
links are programmed in the same manner until all desired bit 
locations have been programmed to the HIGH level. 


Typical current into an output during programming will be approx- 
imately 140mA until the fuse link is opened, after which the 


PROGRAMMING PARAMETERS 


Parameter Description 


Voce Vcc During Programming 
ViHP Input HIGH Leve! During Programming 
Vite Input LOW Level During Programming 
VeNP E, Voltage During Programming 

Vop Output Voltage During Programming 


Vonp Voltage on Outputs Not to be Programmed 
lon 
d(Vop)/dt 


d(Ven)/dt 


Current into Outputs Not to be Programmed 
Rate of Output Voltage Change 
Rate of E, Voltage Change 


’ Programming Period — First Attempt 
P 


current drops to approximately 40mA. Current into the E, pin 
when it is raised to 15 volts is typically 1.5mA. 


The memories may become hot during programming due to the 
large currents being passed. Programming cycles should not be 
continuously applied to one device more than 5 seconds to avoid 
heat damage. If this programming time is exceeded, all power to 
the chip including Vcc should be removed for a period of 5 
seconds after which programming may be resumed. 


When all programming has been completed, the data content of 
the memory should be verified by clocking and reading all words. 
Occasionally this verification will show that an extra undesired 
link has been fused. Should this occur, immediately check the 
programming equipment to make sure that all device pins are 
firmly contacting the programming socket, that the input signal 
levels exhibit sufficient noise margins, and that the programming 
voltages are within the specified limits. All of these conditions 
must be maintained during programming. AMD PROMs are 
thoroughly tested to minimize unwanted fusing; fusing extra bits 
is generally related to programming equipment problems. 


Units 
Volts 
Volts 
Volts 
Volts 
Volts 
Volts 
mA 

Vinsec 


> 


—_ 
- 
ra) ; 


V/psec 


psec 


Programming Period — Subsequent Attempts msec 


Notes: 1. All delays between edges are specified from completion of the first edge to beginning of the second edge; i.e., not to the midpoints. 
2. Delays t, through tg must be greater than 100 ns; maximum delays of 1 ~sec are recommended to minimize heating during programming. 
3. During ty, a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses are 
required. 
4. Outputs not being programmed are connected to Vonp through resistor R which provides output current limiting. 


PROGRAMMING WAVEFORMS 


VinP 
ADDRESS SELECTED ADDRESS STABLE 
INPUTS Vite 


E, 
ENABLE 


SIMPLIFIED PROGRAMMING DIAGRAM 
R > 3000 


Am29774 
OR 


Am29775 


PROGRAMMED 
OUTPUT 


\ OUTPUT /7 
VERIFY 
VERY 


ts 
—|—— Vine 
cp 
cLocK Vite 
|~—______— PROGRAMMING cycle ———_——_—>| 


MPR-301 MPR-302 
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PROGRAMMING EQUIPMENT 


Generic programming boards and device adapters are avail- 
able from the sources listed below. In each case, the pro- 
gramming boards are used in these manufacturer’s automatic 


SOURCE AND LOCATION 


PROGRAMMER MODEL(S) 


AMD GENERIC BIPOLAR 
PROM PERSONALITY BOARD 


Am29774 * Am29775 
ADAPTERS AND 
CONFIGURATOR 


909-1286-1 


715-1412-2 


OBTAINING PROGRAMMED UNITS 


Programmed devices may be purchased from your distributor or 
Advanced Micro Devices. The program data should be submitted 
in the form of a punched paper tape and must be accompanied by 
a written truth table. The punched tape can be delivered with your 
order or may be transmitted over a TWX machine or time-sharing 
terminal. ASCII BPNF is our preferred paper tape format. 


ASCIl BPNF 


An example of an ASCII tape in the BPNF format is shown below. 
They can be punched on any Teletype® or on a TWX or Telex 
machine. The format chosen provides relatively good error detec- 
tion. Paper tapes must consist of: 


1. A leader of at least 25 rubouts. 
2. The data patterns for all 512 words, starting with word 0, in the 
following format: 
a. Any characters, including carriage return and line feed, 
except “B”. 
. The letter “B”, indicating the beginning of the data word. 
. A-sequence of eight Ps or Ns, starting with output Qz. 
. The letter “F’, indicating the finish of the data word. 
. Any text, including carriage return and line feed, except the 
letter “B”. 


TYPICAL PAPER TAPE FORMAT 


WORD ZERO (R) () 
COMMENT FIELD (R) @) 
ANY @) 


BPNPPNNNPF 
BPPPPPPNNF 
BNNNPPPPNF 
BNNNNNNNNF 
BPNNNNNNPF 
BNPPNPPNNF 
BPNNPPPNNF 


BPE @®@eeveeeaesee0d 
511 BNNNNPPENF 
(R)= CARRIAGE RETURN 


©= LINE FEED 


989 
#2 
Pp4 


Data VO Corp. 
P.O. Box 308 
Issaquah, Wash. 98027 


Model 5, 7 and 9 


Am29774 « Am29775 


programmers to program all AMD generic series bipolar 
PROMs; individual adapters are required for each basic part 
type in the series. 

Pro-Log Corp. 

2411 Garden Road 

Monterey, Ca. 93940 

M900 and M920 


PM9058 


PA22-4 and 512 x 8 w/Register (L) 


Truth tables are also acceptable, however, much less desirable 
especially for larger density PROMs. Submission of a truth table 
requires the generation of a punched paper tape at the distributor 
or factory resulting in longer lead times, greater possibility of 
error, and higher cost. 


3. A trailer of at least 25 rubouts. 


A P is a HIGH logic level = 2.4 volts. 
An N is a LOW logic level = 0.4 volts. 


Aconvenient pattern to use for the data words is to prefix the word 
(or every few words) with the word number, then type the data 
word, then a comment, then carriage return and line feed as 
shown below. There must be no characters between the B and 
the F except for the eight Ps and Ns. Ifan error is made in a word, 
the entire word must be cancelled with rubouts back to the letter 
B, then the word re-typed beginning with the B. 


When TWxing your tape, be sure the tape is in even parity. Parity 
is not necessary if the tape is mailed. 


RESULTING DEVICE TRUTH TABLE (E, AND E> LOW) 


Ag Az Ag As Aq Ax Ao Ay Ao Q7 Qg Qs Qy Q3z Qo Qy Ay 


Teeerrrrrre 


ASCII PAPER TAPE 


ASCII 
Fe 
LEADER 


—— 


eoo00o000000 


oo0o°0 
eooa0oo0 


ooo°o 


'- 


TRAILER 
Snes oni 


oaogo0000 008d 


oo 
9000 0 


oooo0 
° eooo0°0 ° 


— ee” 
8 ‘P's OR ‘N's 


oo0ooo0o000 
eoo00 


Se ee” 


8 ‘P's OR ‘N’s LF 


OPTIONAL COMMENTS MAY BE INSERTED HERE 


MPR-303 
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APPLYING THE Am29774 AND Am29775 IN BIPOLAR 
MICROCOMPUTERS 


With the advent of the Am2901 and Am2903 4-bit microprocessor system taking advantage of the latest state-of-the-art technology 
slices, the Am2910 bipolar microprogram sequencer and the in Low-Power Schottky integrated circuits. These devices, how- 
Am29774/75 registered PROM, the design engineer can up- ever, utilize a new concept in machine design not familar to many 
grade the performance of existing systems or implement new design engineers. This technique is called microprogramming. 


DATA BUS 


INSTRUCTION REGISTER 


ADDRESS | 
| 


> 
3 

N 
© 
~4 
r) 


OUTPUT 


MAPPING PROMS 
REGISTER/ STACK 
COUNTER POINTER 


SUBROUTINE 


AND LOOP STACK 
12 
MICROPROGRAM 
COUNTER REGISTER 
oO R F PC 
NEXT ADDRESS 
MULTIPLEXER 
OUTPUT INCREMENTER 


CONTROL 


CONDITION CODE 
MULTIPLEXER 
AND POLARITY 


JL 


ADDRESS 
MICROPROGRAM MEMORY 


PIPELINE REGISTER 


BRANCH NEXT 
ADDRESS ADDRESS SELECT 


TO 
Am2901 OR 
Am2903, ETC. 


Figure 1. A Typical Computer Control Unit using the Am29774/75., 
MPR-304 
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APPLYING THE Am29774 AND Am29775 IN BIPOLAR 
MICROCOMPUTERS (Cont.) 


Basically, a microprogrammed machine is one in which a coher- 
ent sequence of microinstructions is used to execute various 
commands required by the machine. If the machine is a com- 
puter, each sequence of microinstructions can be made to exe- 
cute a machine instruction. All of the little elemental tasks per- 
formed by the machine in executing the machine instruction are 
called microinstructions. The storage area for these microinstruc- 
tions is usually called the microprogram memory. 


A microinstruction usually has two primary parts. These are: (1) 
the definition and control of all elemental micro-operations to be 
carried out and (2) the definition and control of the address of the 
next microinstruction to be executed. 


The definition of the various micro-operations to be carried out 
usually includes such things as ALU source operand selection, 
ALU function, ALU destination, carry control, shift control, inter- 
rupt control, data-in and data-out control, and so forth. The defi- 
nition of the next microinstruction function usually includes iden- 
tifying the source selection of the next microinstruction address 
and, in some cases, supplying the actual value of that micro- 
instruction address. 


Microprogrammed machines are usually distinquished from 
non-microprogrammed machines in the following manner. Older, 
non-microprogrammed machines implemented the control func- 
tion by using combinations of gates and flip-flops connected in a 
somewhat random fashion in order to generate the required 
timing and control signals for the machine. Microprogrammed 
machines, on the other hand, are normally considered highly 
ordered, particularly with regard to the control function field, and 
use high speed PROM’s for control definition. In its simplest 
definition, a microprogram control unit consists of the micropro- 
gram memory and the structure required to determine the ad- 
dress of the next microinstruction 


The microprogram memory control unit block diagram of Figure 1 
is easily implemented using the Am2910 and the Am29774/75 
registered PROM'’s. This architecture provides a structured state 
machine design capable of executing many highly sophisticated 
next address control instructions. The Am2910 contains a next 
address multiplexer that provides four ditferent inputs from which 
the address of the next microinstruction can be selected. These 
are the direct input (D), the register input (R), the program counter 
(PC), and the file (F). The starting address decoder (mapping 
PROM) output and the Am29774/75’s pipeline register output are 
connected together at the D input to the Am2910 and are oper- 
ated in the three-state mode. 


The architecture of Figure 1 shows an instruction register capable 
of being loaded with a machine instruction word from the data 
bus. The op code portion of the instruction is decoded using a 
mapping PROM to arrive at a starting address for the micro- 
instruction sequence required to execute the machine instruc- 
tion. When the microprogram memory address is to be the first 
microinstruction of the machine instruction sequence, the 
Am2910 next address control selects the multiplexer D input and 
enables the three-state output from the mapping PROM. When 
the current microinstruction being executed is selecting the next 
microinstruction address as a JUMP function, the JUMP address 
will be available at the multiplexer D input. This is accomplished 
by having the Am2910 select the next address multiplexer D input 
and also enabling the three-state output of the pipeline register 
branch address field. The register enable input to the Am2910 
can be grounded so that this register will load the value at the 
Amz2910 D input. The value at D is clocked into the Am2910’s 
register (R) at the end of the current microcycle, which makes the 
D value of this microcycle available as the R value of the next 
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microcyle. Thus, by using the branch address field of two sequen- 
tial microinstructions, a conditional JUMP-TO-ONE-OF-TWO- 
SUBROUTINES or a conditional JUMP-TO-ONE-OF-TWO- 
BRANCH-ADDRESSES can be executed by either selecting the 
D input or the R input of the next address multiplexer. 


When sequencing through continuous microinstructions in the 
Am29774/75 microprogram memory, the program counter in the 
Am2910 is used. Here, the control logic simply selects the PC 
input of the next address multiplexer. In addition, most of these 
instructions enable the three-state outputs of the Am29774/75 
pipeline register associated with the branch address field, which 
allows the register within the Am2910 to be loaded. The 5 x 12 
stack in the Am2910 is used for looping and subroutining in 
microprogram operations. Up to five levels of subroutines or 
loops can be nested. Also, loops and subroutines can be inter- 
mixed as long as the five word depth of the stack is not exceeded. 


The expansion scheme for increasing the depth of Am29774/75's 
is shown in Figure 2. Note that no speed degradation results 
when devices are cascaded. This is because the decode of the 
Am74S139 is in parallel with the PROM access time. 


In order to provide an overall view of a typical Am2900 Bipolar 
Microprocessor, the block diagram of Figure 3 is presented. 
Here, the computer control unit (CCU) using the Am2910 and 
Am29774/75 registered PROM’s is depicted. In addition, the 
typical connection scheme for the Am2903 Bipolar Microproces- 
sor slices is shown. The four Am2903 devices in the block dia- 
gram form a typical 16-bit architecture. Also shown in Figure 3 is 
the general connection for the Am2914 Priority Interrupt Control- 
ler and the Am2920 as a Memory Address Register. 


The block diagram also shows the Am2917 as the bus interface 
unit. Note that the Am2917 can interface directly with a data bus 
and the drive levels and receive levels are such that the instruc- 
tion register can be built using standard Low-Power Schottky 
devices. This is possible because the receiver threshold on the 
Am2917 is designed identically to the thresholds on standard 
power Schottky and the Low-Power Schottky devices. 








Am2910 





2048 WORDS | 
9 
A 8 
Se Am2977475 
OYE. 
A 
P| Am29774/75 
OVE. 


Am29774/75 Q 


Am25LS139 
Yo-Y3 











A 
E2 














A 
Am2977475 

EQ 

MICROPROGRAM MEMORY OUTPUT 


Figure 2. Word Expansion Scheme for the Am29774 
and Am29775. 
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vSe-% 


INSTRUCTION 
REGISTER 


OF OE MAPPING PROM 
ADDRESS OF 
MICRO INTERRUPT 
SERVICE ROUTINE 


CONDITION 
CODE 


ct 


MUX MICROPROGRAM CONTROLLER 


3~Am27S21'S 
VECTOR 
MAP 
PROM 


OE 


OUTPUT ENABLE 
FOR BRo-8R14 


INTERRUPT 
REQUEST Am2914 
PRIORITY 
INTERRUPT 


Yo-11 


‘am29774/75 | 


MICROPROGRAM MEMORY 


PIPELINE REGISTER 


| 
| 
| 
| 
| 
| 
| 


DATA BUS (16 BITS) 


h Am2904 : 
SHIFT 


SELECT 
MUX 


BRo-BR41 


MUX 
Am2993 
BIPOLAR 
MICRO- 
PROCESSOR 
OPERAND A,B 8BIT 


ADDRESS BUS (16 BITS) 


CONTROL BUS 


BUS INTERFACE REGISTER 


4-Am2917's {16 BITS) 


{16 BITS) 


Am2904 
SHIFT 
MUX 


Am2903 Am2903 
BIPOLAR BIPOLAR 
MICRO- = MICRO- 
PROCESSOR PROCESSOR 
Am2904 
STATUS 


REGISTER 


{16 BiTS) 


Am2920 
MAR 


SZ 


Figure 3. Typical Bipolar Microcomputer using the Am29774/75. 
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USING THE Am29774/75 IN A PIPELINED ARCHITECTURE 


Am29774/75 
MICROPROGRAM 
EM 


A Register at the Microprogram Memory output contains the 
microinstruction being executed. The microprogram memory and 
Am2903 delay are in series. Conditional branches are executed 
on same cycle as the ALU operation generating the condition. 


MPR-307 


STATUS 
REGISTER 


One level pipeline provides better speed than the architecture to 
the left. The Microprogram Memory and the Am2903 array are in 
parallel speed paths instead of in series. This is the recom- 
mended architecture for Am2900 designs. Note that the 
Am29774/75 reduces the parts count of the microprogram 


memory/pipeline by a factor of two. uipeceea 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Open Collector 
Order Number 


Three-State 
Order Number 


Package Type 
(Note 1) 


Temperature Range 
(Note 2) 


Screening Level 
(Note 3) 











AM29774DC 
AM297740C-B 
AM29774DM 
AM29774DM-B 
AM29774DM 
AM29774FM-B 


AM29775DC 
AM29775DC-B 
AM29775DM 
AM29775DM-B 
AM29775FM 
AM29775FM-B 





D-22 
D-22 
D-22 
D-22 
F-22 
F-22 





C-1 
B-1 
C-3 
B-3 
C-3 
B-3 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 


2. C = O°C to +70°C, M = —55°C to +125°C. 


3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 


Class B. 
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16-Way Branch Control Unit 


DISTINCTIVE CHARACTERISTICS 


16 separate instructions —2, 4, 8, or 16-way branch in 
one microprogram execution cycle 

Four individual test inputs 

Four individual outputs for driving the four OR inputs on 
the Am2909 Microprogram Sequencer 

Provides maximum branch capability in a microprogram 
control unit using the Am2909 

Advanced Low-Power Schottky processing 

100% reliability assurance testing in compliance with MIL- 
STD-883 


FUNCTIONAL DESCRIPTION 


The Am29803A is a Low-Power Schottky processed device 
that provides 16-way branch control when used in con- 
junction with the Am2909 Microprogram Sequencer. 


The device features 16 instructions that provide all com- 
binations of simultaneous testing of four different inputs. 
The device has four outputs that are used to drive the 
four OR inputs of the Am2909 Microprogram Sequencer. 


The “zero” instruction inhibits the testing of any of the 
four test (T) inputs. The remaining 15 instructions are 
used to test combinations of 1, 2, 3, or 4 of the T inputs 
simultaneously. If one T input is being tested, the 
Am29803A will select one of two possible addresses. If 
two T inputs are being tested, the device will select one of 
four possible addresses. If three T inputs are being tested, 
the device will select one of eight possible addresses. If 
all four T inputs are being tested, the device will select 
one of sixteen addresses as the field used to drive the OR 
inputs of the Am2909. 


LOGIC DIAGRAM 


DECODE 
MATRIX 


CONNECTION DIAGRAM 
Top View 


OE, ORg OR2 OR, ORg 


Note: Pin 1 is marked for orientation. 
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LOGIC SYMBOL 


Vec=Pin 16 
GND = Pin 8 





Am29803A 
MAXIMUM RATINGS (Above which the useful life may be impaired) 

















Storage Temperature —65°C to + 150°C 
Temperature (Ambient) Under Bias , —55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs —0.5V to +Vee max. 
DC Input Voltage . . —0.5V to +5.5V 
DC Input Current —30mA to +5mA 





OPERATING RANGE 


COM'L Am29803ADC 0°C to +75°C Voc = 5.0V +5% 





Am29803ADM = —55°C to +125°C | Voc = 5.0V +10% 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
PRELIMINARY DATA 


Typ. 
Parameters Description Test Conditions Min. (Note 1) Max. Units 


Vec = MIN., IoH = —2.0mMA 
Output HIGH Voltage Vin = Vie or Vib ‘ Volts 


Vcc =MIN., | = 16mA 

Output LOW Voltage ce OL . Volts 
VIN = ViH or Vin 

Input HIGH Level Guaranteed input logical HIGH Seige 
voltage for all inputs 

input LOW Level Guaranteed input logical LOW 0.8 Vv 
voltage for all inputs 


olts 
Input LOW Current Vcc = MAX., Vin = 0.45V ~0.250 


Input HIGH Current Vcc = MAX., Vin = 2.7V 
Input HIGH Current Voc = MAX., Vin = 5.5V 




















Is Output Short Circuit Current Vec = MAX., Vout = 0.0V (Note 2) 








Cc 
: All inputs = GND 
1 
cc Power Supply Current Voc = MAX. 


Vv\ Input Clamp Voltage Vcc = MIN., lin = —18mMA 


'CEX Output Leakage Current , Vec = MAX. 
Vesi = 2.4V 


Note 1. Typical limits are at Vec = 5.0V and Ta = 25°C 
2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
3. These parameters are not 100% tested, but are periodically sampled. 
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SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 
Parameters Description Test Conditions Min. Typ. Max. Units 


t 

en: 
| PHL 

Tj to OR; 
— 


O§; to OR; 


oe 


tL 





SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 















Ta =0°C to +70°C 
Vcc = 5.0V +5% 


Ta = —55°C to +125°C 
Vcc = 5.0V +10% 


Parameters Description Test Conditions 
t 
Ton 
tZH a 
O€; to OR; 


DEFINITION OF FUNCTIONAL TERMS 


lo, 14, ta, 13 The four instruction inputs to the 
device 
Tg, 11. T2, T3 The four test inputs for the device 















Ci = 15pF 
Re = 2.0k2 











<a 












GUARANTEED LOADING RULES 
OVER OPERATING RANGE (In Unit Loads) 


A Low-Power Schottky TTL Unit Load is defined as 204A measured at 
2.7V HIGH and —0.36mA measured at 0.4V LOW. 









































ORg, OR}, OR», OR3 The four outputs of the device that are Output 
connected to the four OR inputs of the Input Output LOW 
oe, wes Am2909 mee, Pin No.’s Input/Output | Load HIGH MIL COM'L 
E71, OE9 Output Enable. When either OE input 1 i 05 ~ = = 
is HIGH, the OR; outputs are in the 
high impedance state. When both the 2 4 0.5 ie oa 
OE and OE? inputs are LOW, the OR 3 lo 0.5 = - - 
outputs are enabled and the selected 4 T4 05 _ = Se 
data will be present. 
5 To 0.5 - _ - 
6 M1 0.5 - = a 
LOW-POWER SCHOTTKY INPUT/OUTPUT j Ts 05 7 _ > 
CURRENT INTERFACE CONDITIONS 
8 GND = = _ - 
DRIVING OUTPUT DRIVEN INPUT 9 





Vec 





a} 
=-|0o 













=) =] a} oa] oo 
OQ} ay Rilo] rp 


You 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Note: Actual current flow direction shown. 
- MPR-312 
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WwW 
pa 
faa) 
< 
Ee 
2 
2 
E 
oO 
2 
~ 
LL 


Test TQ & Ty 


Test T9 &T2 


Test T, &T2 


aArTsr4dcrsit 


pal ee ee Oe be 


pa ee ee Be ee pe ae 


od djtiostiis 


JrDsarstsat 


Ja4rrTsaitt 


ps ee re ee pe em ee bag 


KKK KKK KX 


Test TQ & T3 


Test T, & T3 


AJrDsatsrtat 


oaAAtTrIstrt 


JHAdITIIrL 


ee ee ee | 


ADIT rTIt 


Ja4IDTrIsit 


KKK KK KKK 


pa es ee a me we a 


Test T2&T3 


3S3r4srs4rat 


J4grr4sirt 


oi4gdjrtrrrt 


a ee ee 


JSD4ararat 
x KX KK KK XK 
JIDTrasart 


aAdIIIDTrIrL 


SaD4rsursar 


JH2DrIgIrtTt 


Jj4t4ttTIrIrr 


oaoddygudiu 


xxXKXK KK XX 


aDTsruarat 


jaIDTDGCAILtL 


Boe rm ee in ie 


Test T1,T2&T3 


HATATIADTITIATITArTIaT 


AATTIITIstsrTTij4srrt 


AHI ITTrTrCsIsIjsrtiriIrst 


aH ddssdsndrtrrrrrcirt 


aD4uTsararTsrTarixriit 


aoaHADDs4sTITIjAsdrTTjsryt 


ast 4dtrTIrTrTsjissrtrrcrrt 


aod ddtntDTIrTICIIIrIT 


Test Tg, T4,T2&T3 


= HIGH, X = Don't care 


L = LOW,H 
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ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Order Package Type Temperature Range Screening Level 
Number (Note 1) (Note 2) (Note 3) 


AM29803APC P-16 C-1 
AM29803ADC D-16 C-1 
AM29803ADC-B D-16 B-1 
AM29803ADM D-16 C-3 
AM29803ADM-B D-16 B-3 
AM29803AFM F-16 C-3 
AM29803AFM-B F-16 B-3 





Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = 0°C to +70°C, M = —55°C to + 125°C. 


3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, 
Class B. 


APPLICATION 


DATA BUS 


INSTRUCTION REGISTER 


D 


MICROPROGRAM 
COUNTER REGISTER 
: 
So NEXT ADDRESS 
Sy MULTIPLEXER INCREMENTER 
OUTPUT 


j ADORESS Am2909 AND Am2911 MICROPROGRAM SEQUENCER 
STARTING FE, PUP 

TC COUNTER ADDRESS OE STACK POINTER 
DECODER 
LOAD/COUNT OUTPUT 

REGISTER 
SUBROUTINE 
AND LOOP STACK | 


TEST 


R I6WAY 
BRANCH 
CONTROL UNIT 


Am29811A 
NEXT 


ADDRESS ADDRESS 
POLARITY eons MICROPROGRAM MEMORY 
CON 


TROL TEST 
BRANCH NEXT POBHESS 
OE PIPELINE REGISTER 


OTHER 


- Nb we © ON 
CONDITION CODE 
MULTIPLEXER 


A typical computer control unit using the Am2909, Am2911, Am29803A and Am29811A. Note that 
the least significant microprogram sequencer is an Am2909 and the more significant sequencers 
are Am2911’s. 
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Am2981i1A 


Next Address Control Unit 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL CHARACTERISTICS 


@ Next address control unit for the Am2911 Microprogram The Am29811A is a Low-Power Schottky device designed 
Sequencer specifically for next address contro! of the Am2911 Micro- 
16 next address instructions program Sequencer. The device contains ail outputs re- 
Test input for conditional instructions quired to control a high-performance computer control 
Separate outputs to control the Am2911, an independent unit or a structured state machine design using micropro- 
event counter, and a mapping PROM/branch address gramming techniques. 
interface 
Advanced Low-Power Schottky technology 
100% reliability assurance testing in compliance with MIL- 
STD-883 


Sixteen instructions are available by using a four-bit 
instruction field Io.3. In addition, a test input is available 
such that conditional instructions can be performed based 
on a condition code test input. 


The full instruction set consists of such functions as con- 
LOGIC DIAGRAM ditional jumps, conditional jump-to-subroutine, condi- 

tional return-from-subroutine, conditional repeat loops, 

conditional branch to starting address, and so forth. 


One Am29811A can be used to control any number of 
Am2911 Microprogram Sequencers. The Am2911 Se- 
quencer is a four-bit slice itself. Thus, one Am29811A 
Next Address Control Unit and three Am2911 Micropro- 
gram Sequencers can be used to build the most powerful, 
state-of-the-art, microprogram sequencer capable of con- 
trolling 4k words of microprogram memory. 


CONNECTION DIAGRAM 
Top View 


MAP 
ENABLE 


PIPELINE 
ENABLE 


MATRIX 
DECODING 
ARRAY 


Note: Pin 1 is marked for orientation. 
MPR-315 


LOGIC SYMBOL 


ao f NW oO = SN DD 


12 
Vcc = Pin 16 
GND = Pin8& 
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Am29811A 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias ~55°C to +125°C 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7.0V 
DC Voltage Applied to Outputs —0.5V to +Vcec max. 
DC Input Voltage —0.5V to +5.5V 
DC Input Current , -—30mA to +5mA 





OPERATING RANGE 


COM'L Am29811ADC Ta = 0°C to +75°C Voc = 5.0V +5% 





Am29811ADM Ta = —55°C to +125°C Veo = 5.0V +10% 


ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 
PRELIMINARY DATA 


Typ. 
Parameters Description Test Conditions : Min. (Note 1) Max. Units 


Vec = MIN., lon = —2.0mA 
| VOoH Output HIGH Voltage Vin = Vin or Vip 2.4 





Vcc = MIN., | =16mA 
Output LOW Voltage ce OL 
Vin = Vin or Vit 
Input HIGH Level Guaranteed input logical HIGH 
voltage for all inputs 
Input LOW Level Guaranteed input logical LOW 
voltage for all inputs 
Hie Input LOW Current Voc = MAX., Vin = 0.45V | -0.250 | 
Input HIGH Current Voc = MAX,, Vin = 2.7V 


VoL 
VIH 
Py] tnput HIGH Current Voc = MAX., Vin = 5.5V 
'cc 
Vi 











Output Short Circuit Current Vcc = MAX., Vout = 9.0V (Note 2) 
: . All inputs = GND 
pic | ca cae pea Vec = biti 


| P [voraev [_d 

IcEx Output Leakage Current pede z . fVo=24v | | 
tees 

= 








Notes: 1. Typical limits are at Veg = 5.0V and Ta = 25°C. 
2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
3. These parameters are not 100% tested, but periodically sampled. 


Vout = 2.0V @ f = 1 MHz (Note 3) 
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Am29811A 


SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V) 


Parameters Description Test Conditions Min. Typ. Max. Units 


t 
Giana outeet 25 
Test to Any Output > 


OE to Any Output 
= é CL =5.0pF a 
E to Any Output Rp =2.0k2 








SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 














Ta =0°C to +70°C 
Vec = 5.0V +5% 


Ta = -55°C to +125°C 
Vcc =5.0V +10% 


Parameters Description 


tPLH 
eit i 1; to Any Output 
t 
Test to Any Output 
= 
E to Any Output 
= 
E to Any Output 
tLz 












DEFINITION OF FUNCTIONAL TERMS Pipeline This output is used to control the three-state 

Enable output of the pipeline register (Am2918) con- 
taining the branch address for the computer 
control unit. 


lo, 44, lo, Ig. The four instruction inputs to the Am29811A. 


TEST The condition code input to the device. When 
the test input is LOW, the device assumes 
the test has failed. When the test input 
is HIGH, the device assumes the condition 
code required has been met; the test has 
passed. Push/Pop. The PUP output is used to drive 

the push/pop input of the Am2911 Micro- 

program Sequencer. When the PUP output is 

HIGH, a push will take place when the file is 

enabled. When the PUP output is LOW, a pop 

will take place when the file is enabled. 


FE File This output is used to drive the file enable 

Enable input of the Am2911. When the file enable 
output is LOW, a stack operation will take 
place. 


This output is used to drive the parallel load 
input of an AmM25LS169 up/down counter. 


This output is used to drive the counter ena- 


ble input of an Am25LS169 up/down counter. These’ two outputs. are used. to: drive: the'So 


and S, inputs to the Am2911 Microprogram 
Sequencer. These outputs control whether the 
This output is used to control the three-state direct input, the register, the microprogram 
outputs of the mapping PROM or PLA used counter, or the stack is selected as the source 
to provide the initial starting address for each of the next address for the microprogram 
machine instruction. memory. 
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Am29811A 


LOW-POWER SCHOTTKY INPUT/OUTPUT GUARANTEED LOADING RULES 
CURRENT INTERFACE CONDITIONS OVER OPERATING RANGE (In Unit Loads) 


A Low-Power Schottky TTL Unit Load is defined as 20uUA measured at 
2.7V HIGH and —0.36mMA measured at 0.4V LOW. 


Output 


DRIVING OUTPUT DRIVEN INPUT Input Output LOW 
Pin No.’s Input/Output | Load HIGH MIL COM’L 


MAP E ~ 100 44 44 
PUP = 100 44 44 
FE _ 100 44 44 
$1 - 100 44 
So 100 44 
CNT LOAD 44 
CNT E 44 
GND _ 


PLE 


OPO InN HDI! &{ wold 


afofol ew} of apo 
Otoatal wim, (oOo 


Note: Actual current flow direction shown. 
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INSTRUCTION TABLE 


Jump to Address Zero 


Conditional Jump-to-Subroutine with Jump Address 
in Pipeline Register. 


Jump to Address at Mapping PROM Output. 
Conditional Jump to Address in Pipeline Register 
Push Stack and Conditionally Load Counter 


Jump-to-Subroutine with Starting Address Conditionally 
Selected from Am2911 R-Register or Pipeline Register. 


Conditional Jump to Vector Address. 

Jump to Address Conditionally Selected from Am2911 
R-Register or Pipeline Register. 

Repeat Loop if Counter is not Equal to Zero. 

Repeat Pipeline Address if Counter is not Equal to Zero. 
Conditional Return-from-Subroutine. 

Conditional Jump to Pipeline Address and Pop Stack. 
Load Counter and Continue. 

Test End of Loop. 

Continue to Next Address. 

Jump to Pipeline Register Address. 


ne 
=z 
ech 
Lei 


a SL a 
Do ee an 
iItmrrwzTvwrare 
Trertirrtdrar 
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Am29811A_ 


FUNCTION TABLE 
OUTPUTS 


tNSTRUCTION TEST NEXT ADDR 
x HOLD 
L-LLH COND JSB PL HOLD HOLD 
HOLD 
COND JUMP PL HOLD HOLD 
PUSH LOAD 
PUSH 


ae ees 
PC 
ak Reree? 
PC 
PC 
PC 
HOLD HOLD 
REPEAT LOOP, CNTR #0 F 
eee ee 
PC 
F 
D 
F 
PC 
ae Seeee 


eae E 

ia) 

rerej[coe rryry 
m 





HOLD DEC H 
HOLD HOLD 


fe) 
HOLD HOLD 
POP HOLD 
P 
LOCT LOAD CNTR & CONTINUE 
H 


HOLD HOLD 
PO: HOLD 
pena 


LL HOLD LOAD 
LH HOLD HOLD 
CONT H HHL CONTINUE 


DEC = Decrement 
*LL = Special Case 





POP HOLD 
HOLD HOLD 


X = Don’t Care 


TRUTH TABLE 


| inputs | OUTPUTS 
NEXT 
FUNCTION AbOR 
SOURCE 
aT ae ; 


@|LOAD 


cr ii 


JUMP ZERO 


L = LOW 
Ho HIGH 





mIrjyr rjr 


xr 


fe ec, ~e 
mrjr LI]T T/T Tjrst 


i CCE 


Fryer Lyrt TIJer Tit Tit GIF rir eyzt Git rir LirT Lt 
Fryer eye Vir Cyl Lye G]T TJ/Ll T/T Lil T/T Tj/T Tt 


r 
xrxrrer 





r 
r 
zrjrt 
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Am29811A 


ORDERING INFORMATION 


Order the part number according to the table below to obtain the desired package, temperature range, and screening level. 


Order Package Type Temperature Range Screening Level 
Number (Note 1) (Note 2) (Note 3) 


AM29811APC P-16 C-1 
AM29811ADC D-16 C-1 
AM29811ADC-B D-16 B-1 
AM29811ADM D-16 C-3 
AM29811ADM-B D-16 B-3 
AM29811AFM F-16 C-3 
AM29811AFM-B F-16 B-3 


Notes: 1. P = Molded DIP, D = Hermetic DIP, F = Flat Pak. Number following letter is number of leads. See Appendix B for detailed outline. 
Where Appendix B contains several dash numbers, any of the variations of the package may be used unless otherwise specified. 
2. C = 0°C to +70°C, M = —55°C to +125°C. 
3. See Appendix A for details of screening. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MiL-STD-883, 
Class B. 


APPLICATION 


DATA BUS 


INSTRUCTION REGISTER 
OP CODE OTHER 


D. 


; ADDRESS Am2911 MICROPROGRAM SEQUENCERS 
STARTING = __ FE, PUP 
TC. COUNTER ADDRESS OE STACK POINTER 
DECODER 


LOAD/COUNT OUTPUT 


REGISTER 


F 


NEXT ADDRESS 
MULTIPLEXER 


OUTPUT 


Am29811A 
NEXT 


ADDRESS ADDRESS 
CONTROL 
POLARITY TEST MICROPROGRAM MEMORY 


CONTROL 
BRANCH NEXT ADDRESS 
I — 
OE PIPELINE REGISTER 


p | TO Am2901 


- 8 WERE DN @ 
CONDITION CODE 
MULTIPLEXER 
OUTPUT 


A Typical Computer Control Unit Using the Am2911 and Am29811A. 
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System 29 


The Advanced Microprogram Development System 


FEATURES 


e The first universal, complete development system for micropro- 
grammed machines. 
Use to assemble microcode, debug microcode, check out hardware. 


AMDASM™29 microassembler resident on system. 

Microprograms can be written, assembled, and loaded into the develop- 
ment hardware all on one system. No transferring from one system to 
another. No messy paper tape. 


Software to check out microcode. 
All the tools needed in a useful development system including single 
step, trap, edit. 


Writable Control Store up to 4K words. 
RAM in System 29 serves as control memory for prototype. Expandable 
up to 4K words, up to 128 bits each. Access time down to 50ns. 


Application Cards Available. 
Pre-built prototype systems reduce design time, get products out sooner. 


Universal Prototyping cards 
Use popular SBC-80 form factor and hold parts on 0.3”, 0.4”, and 0.6” 
centers. 


Time proven disk operating system. 
Complete file management including a context editor. 


8080 software development tools. 
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System 29 


DESCRIPTION: 


System 29 is a complete development system. It encompas- 
ses all the tools needed, from microcode/firmware definition, 
assembly, check-out of the hardware and formatting of the 
microcode, through programming PROM'’s. 


System 29 includes a System Mainframe, CRT Console, and 
Dual-Drive Flexible Disk. It comes with a comprehensive 
software package. It is ready to operate in its basic configura- 
tion which includes 2K words by 64 bits Writeable Control 
Store and a Computer Contro! Unit (CCU) microprogram con- 


troller. A number of peripherals (line printer, paper tape 
reader-punch, PROM programmer) and cards (high-speed 
Writeable Control Store, trace analyzer, 8080 emulator appli- 
cation card, 16-bit microcomputer application card) enhance 
its performance even further. 


Because it is controlled by an Am9080A, it can also serve as a 
software development system for the 8080 fixed-instruction- 
set microprocessors. 


System Mainframe 


Support 
Processor 


CRT 
Console 


Flexible rp 


bse ATOM COL 


PE YY Pye te eA 


Optional Peripherals Faz 
Line Printer 
Tape Reader Punch 
PROM Programmer 


Microprogrammed 


System 


.: Interface Cable 


Writadle Control 

Store Card(s) 
Instrumentation Card 
Computer Control Unit 
Application Card 
Universal Prototyping Card 


Optional 
Application Cards 
16-bit Microcomputer 
Emulators 

Controllers 

Other 
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SYSTEM DESCRIPTION 


BASIC SYSTEM: 
A complete working system including; 
Equipment 
—System Mainframe: 
— Support Processor: 


—Am9080A CPU Card 

—System Memory Card, 32K bytes, expandable to 64K 
bytes with an additional card 

—4 Serial Ports (RS232) 

—1 Parallel Port 

—Power Supply 


—Microprogrammed System: 


-1 Writeable Control Store Card, 2K x 64 bits. 
System is pre-wired for 2. 

—1 Instrumentation Card 

—1 Computer Control Unit Application Card 

—5 Open Slots for Additional User Cards 

~—1 Power Supply, +5V, 25A (50A Optional) 


—-CRT Console 

—Dual Drive Flexible Disk 

~ Universal Prototyping Card 
—Outboard Interface Cable 
—Blank Diskettes (2) 


Software 


~AMDOS 29™ Disk Operating System with full set of com- 
mands 
—Microprogram Generation Software 
—AMDASM 29™ Microprogram Assembler 
-AMSCRM 29™, AMPROM 29™ Post-Processing Pro- 
grams 
~—Microprogram Support Software 
—Am9080A Software (Assembler, Loader, Dynamic Debug- 
ger including disassembier and trace 
capability) 
Documentation (2 sets) 
—User Manual 


— Software Manual 
—Hardware Manual 


Services 


—User Training (2 Persons) 

—Field Applications Support 

—Warranty: 1 Year (90 days on System Mainframe Plug-in 
Cards) 
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SYSTEM OPTIONS' 
CARDS? 
Option No. 


0100 Universal Prototying card, additional to one 
included in the basic system. 


Writable Control Store card. 2K x 64 bits, addi- 
tional to one included in the basic system. 
Field updatable. 


High Speed Writable Control Store card, 1K x 64 
bits; system is pre-wired for 2. Field up- 
datable. 


PERIPHERALS 


0500 Line Printer, 220 lines/minute. 132 columns.° Field 
updatable. With stand. 


0510 Paper Tape Reader-Punch*. 300cps read, 75cps 
punch. 


SERVICES 


0800 Training Course. System 29, for one additional per- 
son. Training for 2 persons included in the basic sys- 
tem. 


MISCELLANEOUS 


0900 High Speed Extender card, multilayer (internal 
ground plane) 


Power Supply, 50A Module. Field updatable 
Diskettes. Package of 10 blanks’. 


System Manual. One set of manuals, additional 
to 2 provided with the basic system.’ 


0105 


0106 


0901 
0902 
0903 


NOTES: 


1. SY29XXXX — When coding orders, replace X’s with 4 digit 
option number, leave blank for basic system. Example: 
SY290500 is code for the Line Printer option 


2. Warranty 90 days, parts and labor. 
3. Warranty 120 days, parts and labor. 
4. Quantity 2 minimum when purchased separately. 


System 29 


SOFTWARE FEATURES 


The convenience of the AMDOS™ 29 Disk Operating System with a full set of 
file management commands, including an editor. 


Microprogram generation software including the AMDASM™ 29 micro- 
assembler and the AMSCRM™ 29 and AMPROM™ 29 post-processing 
programs. 


Microprogram support software to load, save, and debug microcode during 
the firmware/hardware check-out phase. 


Am9080A software to write special programs to add to the existing software 
or for separate designs using the Am9080A fixed-instruction-set micro- 
processor. 


HARDWARE FEATURES 


Writable Control Store for microprogram memory and ROM simulation. Its 
storage capacity can be easily expanded and a high speed option permits 
real-time testing. 

Microcode check-out functions let the user interact freely with the microcode, 
i.e., display, modify, move, locate, store, and verify. The user can also 
single-step through instructions, set trap bits, set comparison values, and 
force address jumps for easy test and debug of the microcode and its 
associated hardware. These are combined hardware-software features 
which are accessible either at the CRT Console or the System Mainframe 
front panel. 


Universal Prototyping Cards feature high packing density. They accept the 
user prototype and plug right into System 29. 


The Outboard Interface cable interfaces System 29 to the user design for a 
form factor that calls for an outboard configuration. 


Anumber of application cards help the user in his microprogrammed system 
design. 


Developed microcode can be stored on flexible diskettes, printed out, 
punched on paper tape or used to drive a PROM programmer. 


Diskette to main memory data transfers are affected by direct memory 
access (DMA) without I/O port addressing. This results in high-speed data 
transfers. 


An internal 2.457MHz crystal-controlled clock oscillator is provided. An ex- 
ternal connector is available for providing a different clock frequency from a 
signal generator or an external circuit to meet individual user requirements. 
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System 29 


THE UNIQUE MICROPROCESSOR LAB 
FOR YOUR MICROPROGRAMMED DESIGNS 


By John R. Mick and Robert Schopmeyer 





INTRODUCTION 


Designing high-speed, microprogrammed processors is a 
complex task made easier by the availability of powerful 
LSI building blocks like the Am2900 Family. The design 
task for microprogrammed machines is usually more dif- 
ficult than that required for systems based on fixed in- 
struction processors like the Am9080A. Because of the 
flexibility of the components, a wide variety of architec- 
tures are possible for the design of high-performance or 
special purpose processors. However, it is this flexibility 
that sometimes tends to complicate the design process 
because every design is different. 


Since each design is different, hardware prototyping and 
microcode development tend to be an ad hoc process 
with little of the work expended on one design transfer- 
able to the next design. In many cases, the design en- 
gineer is forced to ‘haywire’ his engineering model with 
some type of homebrew PROM simulator. Once the 
hardware is in place, the design engineer must interface 
this hardware with the microcode. Usually, the microcode 
has been written using a microprogram assembler that 
was modified from the last modification from the last 
program requiring a modified assembler. To summarize 
the problem: The microprogrammed microprocessor 
community does not currently have a good development 
system designed to meet the diversified requirements for 


SUPPORT PROCESSOR 


Am9080 
MICROPROCESSOR 
CRT DUAL FLEXIBLE 
CONSOLE DISC 


RESIDENT 
ASSEMBLER 
(RAM 32K) 


PAPER TAPE LINE 
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developing microprogrammed systems regardless of their 
architectures. 


“System 29”, the Advanced Microprogramming Devel- 
opment System, is Advanced Micro Devices’ response 
to this need. This system will make it easier to design 
with the Am2900 family by providing the necessary 
hardware and software to develop microprogrammed sys- 
tems. 


GENERAL DESCRIPTION 


System 29 is a complete microprogrammed system de- 
velopment lab which can be used to develop hardware and 
firmware designs and then used to check out the prototype 
system. 


As shown in Figure 1, System 29 consists of a Support 

Processor configured and programmed to support a Mi- 

croprogrammed System. This system provides the design 

engineer with the following facilities: 

e An interactive editing system for building microcode 
definition and source files 

e A microprogram assembler, AMDASM™/29 for assem- 
bling microcode 

e A prototype check-out work station for debugging mi- 
croprogrammed hardware designs 


TM: Trademark applied for. 


MiCROPROGRAMMED 
SYSTEM 


MO TeASee INSTRUMENTATION 
CONTROL sell 
STORE 


AMD USER 
APPLICATION PROTOTYPE 
CARDS CARDS 





Figure 1. System 29 Architecture. 
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System 29 


SYSTEM HARDWARE 


System 29 (as shown in detail in Figure 2) is two separate 
systems in a single package — a Support Processor sys- 
tem and a Microprogrammed System. The Support Pro- 
cessor system is based on the Am9080A MOS Micro- 


processor and provides the user with an interface to the 


Microprogrammed System. The Support Processor sys- 
tem consists of: 


@ The Am9080A Microprocessor to provide system con- 
trol 

e A dual floppy disk to hold all operating software includ- 
ing AMDASM/29 

e A memory board consisting of 32K bytes of RAM for 
use by the Am9080A processor 

e A serial interface for communication to a CRT Console. 

e@ Other interfaces: Serial RS-232 communication to a 
printer and to a high-speed paper tape (for outputting 
PROM tapes). An interface is also available to a PROM 

_ Programmer. 

e The Page register for holding the active page number 
(194 pages of 32k Bytes each can exist in memory 
space 8000H to FFFFH, the active page is determined by 
the Page register) 


The Microprogrammed System consists of: 


e Writeable Contro! Store (WCS) — The WCS is a 2K by 
; 64-bit memory using low-cost 4K Static MOS RAMs 
(Am9130's 250nsec access). This writeable is intended 
' for users either using slow PROM or for users using 
fast PROM in their final designs but wanting to verify 
their microprograms at a reduced system speed. A fu- 
- ture WCS will be a 1K by 64-bit, 50ns access memory 
using fast (30ns access) Bipolar RAMs. This memory is 
designed for users wanting to simulate as close as pos- 
_ sible the operation of fast PROMs in their system. The 
system will be pre-wired to accept two WCS boards. 
These boards can be organized to provide micropro- 
_ gram memory space either 128 bits wide by 2K deep or 
‘ 64 bits wide by 4K deep. This pre-wiring can be mod- 
. ified easily by the user to accomodate additional write- 
able control store memory boards as necessary. 


@ Instrumentation — This board provides the logic neces- 
sary for the Support Processor to directly control the Mi- 
croprogrammed System and includes clock control and 
microprogram address trap and branch control. Specifi- 
cally, the following functions are provided: 


Clock Control — Stop, Single Step, Run, Trap on Break- 
point. Stop, Single Step, Run are under control both 
from the Support Processor software and the front 
_ panel. Trap on Breakpoint is under control only from 
‘the Support Processor software. A 12-bit number 
loaded into a register under software control is com- 
| pared against the 12-bit address provided to address 
the writeable contro! store (or PROM) memory. When 
there is a match, the Microprogrammed System clock is 
stopped and an interrupt request is sent to the Support 
Processor. 


. Branch Control — Under software control, a branch ad- 
dress can be forced causing the Microprogrammed Sys- 
tem microsequencer to start executing microcode from 
this location. This feature can be used to provide a 
starting address or to jump to a diagnostic microroutine 
when debugging microcode. 


Monitoring — A future addition to the above features is 
an option to monitor a number of user-defined test 
points in real time. These test points will be saved in a 
RAM memory at the Microprogrammed System clock 
frequency (or some user-selectable fraction or multiple 
of the Microprogrammed System clock frequency) and 
when the Microprogrammed System clock is halted the 
last 256 sets of these test points can be displayed in a 
user-defined format on the system CRT. 


®@ Application Cards — The Computer Control Unit (CCU) 
is one of the standard designs provided by AMD. it is 
discussed below in detail. 


Additional AMD designs will be provided in the future 
across a broad spectrum of applications. They will in- 
clude, for example, a 16-bit processor which will allow 
the user to add his own microcode, a disk controller, a 
microcontroller, and an Am9080 emulation.These de- 
signs are intended to serve several functions: The de- 
signer with a requirement close to the application 
aimed at by the particular design can use the AMD de- 
sign as is or modify it to fit the application. The de- 
signer who wants to learn about Am2900 architectures 
can purchase one of the AMD provided designs and 
can write and check out his own microprograms (i.e., 
the fixed-instruction Am2900-based microprocessor al- 
lows the user to add instructions by writing additional 
firmware). 


Universal Prototype Cards — A universal wire wrap card is 
provided on which to build prototype designs. This board 
will accommodate 0.3-, 0.4-, 0.6-, 0.7-, and 0.9-inch center 
I.C. sockets with excellent packing density. 


The Computer Control Unit 


Figure 3 illustrates the block diagram of the CCU. This 
unit is intended to illustrate a typical microprogrammed 
control unit. It is a pipelined microprogram sequencing 
unit designed to interface directly with System 29's Write- 
able Control Store. The function of this unit is as follows”. 


The microprogram address is generated by Am2909/2911 
Sequencers. As can be seen from Figure 3, these 
sequencers can select this address from several sources 
(i.e., from D, the external input; from R, and internal re- 
gister; from the stack; or from the microprogram counter 
register which holds the last address sent to the microp- 
rogram memory incremented by one). The source to be 
used for the address is determined by the microinstruc- 
tion which can select any of the above-mentioned inputs/ 
registers as the address unconditionally or can condition- 
ally select between two of these for microprogram 
branches.Table | defines the resultant address generated 
by this microprogram sequencer as a function of the mic- 
roinstruction and the test condition. The condition to be 
tested using the test multiplexer is also specified by the 
microinstruction. This CCU uses the Am29811 Instruction 
Controller to generate the required controls. 


In addition to selecting a particular source for the micro- 
program address, this sequencer can modify this value 
using the Am29803 16-way Branch Control tied to the 
“OR” inputs of the Am2909 holding the least significant 
four address bits. The modified address generated as a 
function of the microinstruction and the test inputs is 


listed on Table Il. 

*The CCU is essentially the same es the CCU described in AMO’s Microprogramming 
Handbook, with a few changes (for one, the Mapping PROM is replaced with a map- 
ping RAM loadable with System 29 software). 
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Figure 2. Detailed Block Diagram of System 29. 
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Table 1. Computer Control Unit Instruction Set. 


*L = Low, H = High 
** Default address: “PC (Microprogram Counter/+1 


When the D input to the Am2909/2911 is selected, the 
mapping RAM can be selected for the next address. This 
mapping RAM replaces the mapping PROM normally 
found at this point in the design and provides a means to 
map a portion of the instruction register (op code) to a 
starting location in the microprogram. The contents of the 
mapping RAM can be read or written under control of the 
System 29 software. This feature provides a convenient 
means for users to change the macroinstruction decoding 
of their design by modifying the contents of this RAM. 


SYSTEM SOFTWARE 


The software system is divided into several distinct parts. 
These are: 

— The basic I/O system 

— The disk operating system 

— The console command processor 

— Transient programs 


Basic I/O System and Disk Operating System 


Perhaps the most flexible aspect of System 29 is that it 
comes complete with a full disk operating system desig- 
nated AMDOS/29. This disk operating system provides 
rapid access to programs through a comprehensive file 
management package. The file subsystem supports a 
named filed structure, allowing dynamic allocation of file 
space as well as sequential and random file access. This 


system provides a number of program entries that allow 
files to be opened, closed, renamed, read, written onto 
disk, or searched for by name. Using this file system, a 
large number of distinct programs can be stored in both 
source and machine executable form. In addition, the disk 
operating system provides all operations necessary to ac- 
cess the diskette drives and to interface such standard 
peripherals as a teletype, CRT, paper tape reader/punch, 
PROM programmer, and other user-defined peripherals. 
While it is anticipated that the user will not want to mod- 
ify the basic disk operating system package, the system 
can be tailored by the user for any particular micropro- 
grammed hardware environment he may wish to imple- 
ment by writing additional Am9080 load modules to exe- 
cute under AMDOS 29. 


Console Command 


The console command processor reads inputs from the 
console device and processes these commands to provide 
listings of the file directory, printing the contents of vari- 
ous files, controlling the operations of various other stan- 
dard programs supplied with AMDOS/29. 


Transient Programs 


The transient program area of System Memory holds 
programs which are loaded from the disk for execution by 
the system. A number of these transient programs (load 
modules) are provided along with the basic disk operating 
system. Typical of these are the programs to perform the 
following functions. 


e Assemble — Loads an Am9080A assembler and assem- 
bles the specified program from the disk. 

e Status — Provides statistical information about particu- 
lar files on the disk. 

® Debugger — Loads a debug package from the disk and 
allows the debugging of Am9080A programs. 

e Peripheral Interchange Program — A program that al- 
lows media conversion operations between peripherals. 

e@ Editor — Loads and executes a powerful Am9080A text 
editor program. 

® Batch — Allows batch processing of various disk operat- 
ing system commands. 


in addition to these programs, a number of powerful mi- 

croprogram generation aids are available. These include: 

e AMDASM/29™ — A two-pass microprogram assembler 
used to convert an established set of formats into 
machine language 

@ AMPROM/29™ — A post-processing program that al- 
lows the user to output his binary object code in a form 
which corresponds with his PROM organization 

e AMSCRAM/29™ -— A post-processing program that al- 
lows the user to reorganize the columns of microcode 
to be programmed in any PROM 

e AMMAP/29™ — The mapping PROM symbolic data as- 
sembier. Used with AMDASM, AMMAP generates mi- 
croprogram entry point addresses that are loaded into 
the CCU mapping RAM to decode instructions and gen- 
erate microprogram starting addresses. 


@ Support Programs to the Microprogrammed System 


Once the microcode has been assembled and loaded into 
the resident Writeable Control Store (or microprogram 
memory) in System 29, the user will desire the capability 
to set breakpoints, set trap bits, set comparison values, 
and so forth, so that he can easily test and debug the 


System 29 


microcode and its associated hardware. AMDOS/29 con- 
tains a powerful set of programs to allow the setting of 
traps as well as providing “peeking and poking” in mi- 
croprogram memory. Examples of these commands are: 
Display — Display the contents of memory on the console 
Move — Move a block of data to one location from 
another location in memory 

Locate — Locate a particular character sequence in mem- 
ory 

Store — Store hexadecimal data into memory 

Verify — Compare two blocks of data in memory 

Set — Sets microprogram format table attributes 

Jump — Allows transferring control to any WCS memory 
location 

Read — Read hex format paper tape 

Write — Write hex format paper tape 

Page — Select a particular page as the upper 32K of the 
AmS9080A address space 


The display, move, locate, store, read, and write com- 
mands will all operate upon any type of available mem- 
ory; i.e., Support Processor memory or Microprogram- 
med System support pages (microprogram memory, 
Mapping PROM, instrumentation pages, etc.). Each of the 
commands will accept an operand which determines 
which page to select, should the command address the 
upper 32K address space. 


USING SYSTEM 29 


The following illustrates how System 29 is to be used dur- 
ing the development of microcode. 


Definition Phase — After the logic design has been com- 
pleted and the microcode format defined, the designer 
can start the microassembler definition phase. The defini- 
tion phase essentially personalizes AMDASM/29 for a par- 
ticular micro format. System 29 serves as an interactive 
keyboard terminal using the editor to build these defini- 
tion files. 


Assembler Phase — After the set of definitions has been 
created, the user can build his microcode source files 
using the interactive editor. Once the source file is com- 
plete, the user can assemble the microprogram using 
AMDASMI/29. This assembly produces a binary represen- 
tation of the microprogram. The output from the assem- 
bly can be listed in several different formats. When the 
assembly is complete, the binary file is routed to flexible 
disc storage for post processing. 


Check-Out — Once the microcode is assembled and the 
system fabrication is completed, the next step is to debug 
the design errors, wiring errors and component failures. 
During this phase, System 29 serves as a check-out work 
station. Under control of the user, the binary microcode 
files can be loaded in the Writeable Control Store. During 
the actual check-out, System 29 provides these features to 
the user: 


— Inspection and editing of the microcode in the writeable 
control stores 

— Forced branches for microcode starting locations 

~ Microcode clock contro! to allow Run, Halt or Single 
Step of the microprogram 

— Breakpoint stop (the breakpoint address or sequence of 
addresses are loaded from the keyboard) 

— Generation and execution of trial sequences of micro- 
code for hardware debug purposes; not necessarily a 
permanent part of the final machine microcode. 


System 29 
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Table 2. Am29803A Function Table. 


The System 29 instrumentation hardware will monitor a 
number of test points during the sequencing of the mi- 
crocode and display these test points on the CRT termi- 
nal. Examples of these are: the microword, the output of 
the ALU, the CPU to memory bus, designators, etc. Since 
the monitoring hardware is under the control of the 
microprocessor, the output of the monitored points can 
be displayed in a format convenient for the design en- 
gineer. 


Post Processing — When microcode check-out has been 
completed, the utility program AMPROM/29 is available to 
punch the microcode binary on paper tape in a format 


appropriate for a given PROM Programmer or the output 
can be sent to a PROM Programmer directly. 


SUMMARY 


System 29 is a new development tool that greatly 
simplifies the prototyping and programming of all micro- 
programmed systems, regardless of their architectures. 
System 29 provides, for the first time, a well-defined, 
easy-to-use interface between hardware design engineers, 
software design engineers, and firmware design en- 
gineers resulting in the world’s first complete develop- 
ment system for microprogrammed machines. 
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AMDASM 


CHAPTER | 
INTRODUCTION AND PURPOSE 


An assembler is a program which “reads” another program writ- 
ten in a symbolic form and produces an output of binary words 
corresponding to the symbolic input. A microprogram assembler 
is a special kind of assembler, formally called a “meta- 
assembler”. AMDASM is a meta-assembler. 


Ameta-assembler differs from an ordinary assembler in that most 
of the symbols are defined by the user prior to the assembly 
process itself. In an ordinary assembler, the user may define 
labels for instructions and symbols for particular data words, but 
the instructions themselves, including their associated word 
length and format, are generally already defined by the assem- 
bler. This makes perfectly good sense in an ordinary assembler, 
since the assembler is designed to convert an established set of 
formats into machine language (ones and zeros) for a particular 
machine such as the AMD Am9080A. 


A microprogram assembler, however, must be far more flexible 
than a traditional assembler, since it must be useful for many 
hardware configurations. Each different hardware configuration 
may require a different format and may require word lengths 
(microinstructions) over 100 bits. 


Moreover, in a microassembler, a format rarely establishes the 
entire contents of a microinstruction, but rather defines only a few 
bits of the total word. 


These requirements imply that a microprogram assembler must 
consist of two distinct operations. The first operation is estab- 
lishment of word length and definition of formats and constants 
(the Definition File). The second operation is the traditional as- 
sembly process (Assembly File) performed on a program that 
uses the formats and constants from the Definition File. The 
microprogram assembler, therefore, differs from the traditional 
assembler in that it may be configured, by the user, to accept any 
word size, formats and constants the user desires. 


The assembler written by Advanced Micro Devices is a very 
powerful meta-assembler, useful not only with the AMD 2900 
family, but with any microprogrammed machine. The assembler 
operates in two phases, the Definition Phase (PHASE1) and 
the Assembly Phase (PHASE2). 


The Assembly Phase is much like any assembler. It reads a 
symbolic program, handles most common assembler features 
such as labeling and setting the address counter, and produces a 
binary output and various listings and cross-reference tables. 
The Definition Phase is executed first to set up the table which 
associates the user’s format names and constant names with 
their corresponding bit patterns. 


The Definition Phase lets the user define symbols for formats 
(format names), symbols for constants (constant names), and the 
microinstruction word length. In the Definition File the length of 
the microinstruction is defined first. The word may be any length 
from 1 to 128 bits. This is adequate for all but the most sophisti- 
cated processors. 


Each of the user defined symbols has a specific bit pattern 
associated with it. A format name is used to define all, or part, of 
one microinstruction. The format definition may consist of: 


@ Numeric fields, which are defined to contain specific bit pat- 
terns. 

® Variables, which will be filled in when the format is invoked. 

@ “Don't care” states. 


Once the Definition Phase has been executed, its output may be 
retained and used by future programs. 


A useful feature of the AMD assembler is that “don’t care” states 
are retained until defined, which may not happen until after the 
assembly process, during a third, or post processing, phase. A 
listing of the microprogram at the conclusion of assembly shows 
an ‘X’ for every undefined bit. This is extremely useful during the 
development process before the microword length has been 
optimized by sharing fields. 


Following assembly of the user’s program, a file is retained which 
contains the assembled microprogram. This file is then available 
for post processing to create paper tapes for PROM blowers. The 
output utility can select columns and rows for a given PROM tape, 
freeing the user from any restrictions regarding the organization 
of the microprogram memory, and simplifying the generation of a 
new tape for each of the many PROMs in the system. 


The program to be assembled may be written using any of the 
features specified during the Definition Phase. In the simplest 
case, the Assembly Phase source program might be written 
using just strings of ones and zeros, with the Definition Phase 
consisting only of the microinstruction word length. At the other 
extreme, the Assembly Phase source program may refer to 
multiple format names from the Definition Phase for each micro- 
instruction. Any number of formats may be overlayed to define a 
single microinstruction, as long as the defined or variable fields of 


- each format fall into the “don’t care” fields of the other formats 


invoked. A user might define, for example, a set of formats 
specifying sequence control operations, another set for data 
control, and a third set for memory control. 


The AMD assembler has been written to maximize its flexibility 
and ease of use for hardware designers. Every effort has been 
made to make the program efficient on the machine and efficient 
at the human interface, with a minimal knowledge of the host 
machine's operating system required. 


NOTE: Throughout this manual examples often refer to the 
Am2900 Learning and Evaluation Kit shown in Chapter V. 


CHARACTER SET 


The following characters are legal in AMDASM source state- 

ments: 

@ The letters of the Alphabet, A through Z. Both upper-and 
lower-case letters are allowed. Internally, AMDASM treats 
all letters as though they were upper-case, but the charac- 
ters are printed exactly as they were input in the source 
files. 

e@ The digits 0 through’9 

e@ The following special characters: 


Character Meaning 
+ Plus sign 
- Minus sign 
* Asterisk 
/ ‘Slash 
; Comma 
( Left parenthesis 
) Right parenthesis 
& Ampersand 
: Colon 
$ Dollar sign 
% Percent sign 
A Blank or space 
; Semicolon 
° Period 


Carriage return 


Horizontal tab 


DEFINITION OF TERMS 


Since there are no standard terms associated with microas- 
semblers, the more common terms used in this manual are listed 


below: 
Term 
A 


Name or label 


Constant 
Constant name 
Field 


Format 


Format name 


Line 


Modifiers 
Attribute 


Designator 


Delimiters 


Default values 


Options 


{} 


Definition 
Indicates a required blank character. 


1-8 characters which are assigned a value 
by the programmer or the assembly pro- 
cess. Labels are used only in the Assembly 
File. 


A specific pattern of 1-16 bits. 
A name for a constant. 


A group of adjacent bits in a microinstruc- 
tion. 


A model for a microinstruction consisting of 
fields which contain constants, variables, 
and “don’t cares”. 


A name for a format. 


An input line of up to 128 characters on a 
console, teletype, a paper tape reader, ora 
diskette file. 


Symbols (* % : — $) which indicate that the 


data given for a field is to be modified. 


A modifier which is permanently as- 
sociated with a field. 


A symbol (V, X, B¥, Q#, D#, or H#) 
which indicates the type of field or 
constant: variable (V), “don’t care” (X), 
binary (B#), octal (Q#), decimal (D#), 

or hexadecimal (H#). 


A symbol (: A = , /) which indicates the end 
of a name (: A =), the end of a field (,), or 
the continuation of a statement (/) on 
another line. 


The value which will be substituted if an 
explicit value is not specified. 


Choices available which indicate the 
input and output devices to be used, the 
type of output listing desired, and pro- 
cessing of one or both phases (Definition 
and Assembly). 


Braces indicate that the enclosed para- 
meter is optional. 


Carriage Return 


DEFINITION PHASE (PHASE1) 
The AMDASM Definition Phase includes the following fea- 


tures: 


@ A name is a packed group of 1 to 8 characters. 
e Aname may be assigned to a constant value. 


@ A name may be used to define a format whose fields are 
given as variables, “don’t cares”, explicit bit patterns (val- 
ues), or specific addresses by using appropriate desig- 
nators. 

® Blanks may be used to improve readability. 

Microword length may be 1 to 128 bits. 

© Modifiers include inversion, truncation, negation, and des- 
ignation of a field as an address field to be right-justified 
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(placing a value in a field at the right with leading bits set 
to zero). 

e The ability to set a “page” size via the attribute $. This 
permits error detection when the Assembly Phase calls for 
a jump or branch to an address which is on a different 
“page” of the microcode. 


Data from the Definition Phase may be retained for use with 
subsequent Assembly Phase source programs and/or it may 
be modified as desired. 


ASSEMBLY PHASE (PHASE2) 


The Assembly Phase provides for input of the microprogram 
source statements, conversion of format and constant names 
to their appropriate bit patterns, substitution of values for vari- 
able fields in the format, and generation of listing and binary 
output. The assembly source program will use references to 
format names and constant names from the Definition File. It 
will also contain statements which associate labels with ad- 
dresses, control assembler operation, and provide program 
location counter control. 


The assembly process provides the user with the following 
features: 


e@ A microword may be assembled by referring to one or 
more format names from the Definition File. 

e@ A microword whose format was not specified in the Defini- 
tion File may be specified by using the built-in free-form 
format command. 

@ The programmer may control the program location counter 
to set the origin and/or to reserve storage. 

@ The programmer may choose one of four different output 
listing formats. 

e Aconstant or a variable field may be defined using values 
and/or expressions. 

e@ Errors are detected and listed. Severe errors cause pro- 
cessing to halt. 


Output of the Assembly Phase is an object file which contains 
the complete microprogram. Post processors can directly con- 
vert this object file to any form needed, such as hexadecimal 
or BNPF punched on paper tape. 


IMPLEMENTATION 


AMDASM/29 operates on the Advanced Micro Devices’ Sys- 
tem 29 under the AMDOS/29 Operating System. AMDASM/80 
operates on the Intel Intellec® MDS-DOS System under the 
ISIS-II© operating system. 


ASSEMBLER OPERATION 


AMDASM is placed into execution by control statements from 
the console input device. 


The Definition File is processed in PHASE1 and if it contains 
no errors the Assembly Phase begins. PHASE2 Pass 1 as- 
signs values to Assembly File labels and allocates storage. 
PHASE2 Pass 2 translates the Assembly File source program 
into object code. 


User-selected options determine whether the Definition Phase 
is to be executed or if a previous execution of that phase has 
already established the table of formats on a file which will be 
used by the assembly process. 


The AMDOS/29 operating system allocates all necessary 
input and output resources, such as files, automatically. 


© Intel and Intellec are registered trademarks of Intel Corporation. 
©Copyright intel Corporation, 1976. 
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CHAPTER Il 
DEFINITION PHASE (PHASE1) 


The Definition Phase allows the user to define the microword 
length, constants, and formats which he will use to write 
source programs for his target machine. 


DEFINITION FILE 


The definitions are input via a sequence of instructions called 
the Definition File whose content includes the following items: 


TITLE (heading to be printed on output listing) 
WORD n (defines microinstruction word length) 


Printing contro! statements 
Definition statements 


Comment statements 





END 


The control statement WORD must appear as the first state- 
ment in the Definition File after the optional TITLE statement. 
The END statement must be the last statement in the Definition 
File. 

The other statements (shown boxed) may be interspersed 
throughout the body of the file. 


To facilitate readability, blanks may appear in most parts of these 
statements, although no blanks are permitted between the letters 
of the control words TITLE, WORD, END, LIST, NOLIST, DEF, 
EQU, or SUB. An entire blank line may be inserted by entering a 
semicolon and a carriage return. 


TITLE 


If the user wishes to have a title printed on his Definition File 
statements, the first statement input should be TITLE. The 
general form is: 


Form: 


TITLEA title desired by user 


TITLE must: 
@ Begin on a new line 
® Be followed by a blank and a maximum of 60 characters. 


WORD 


WORD must be the first statement input by the user after the 
optional TITLE is given. Its generai form is: 


Form: 


WORDAn 


WORDA must be followed by a decimal integer value n which 
indicates the microword size in bits (range 1—128). 


WORD must: 

e Be followed by at least one blank and 1 to 3 decimal di- 
gits. 

@ Be the first input line (second input line if TITLE was used). 

e Begin on a separate line. 


If WORD is omitted, assembly will halt as the Definition Phase 
must know the size of the microword in order to proceed. 


END 


END indicates the end of the Definition File. If END is omitted an 
error message will be printed but processing will continue. The 
general! form is: 


Form: 


END 


END must: 


@ Begin on a new line. 
@ 8e the last statement in the Definition File. 
@ Be followed by a carriage return. 


PRINTING CONTROL STATEMENTS 


Printing control statements are used to control printing. 


TITLE was listed separately since it must be the first state- 
ment input if it is to be printed at the top of the first page of 
the output. TITLE may be used elsewhere (i.e., interspersed 
with the statements shown in the box) in which case it causes 
this new title to printed at that position in the output file. 


A description of the other printing control statements, LIST, 
NOLIST, EJECT and SPACE, follows: 


LIST 


LIST indicates that the following statements are to be printed 
whenever printing of the Definition File input is requested. This 
feature will be most useful when correcting or modifying a Defini- 
tion File. (AMDASM selects LIST as the default option. NOLIST 
must be specified if the user does not wish to print his Definition 
File source statements.) The general form is: 


Form: 


LIST 


LIST must: 


e@ Begin on a new line. 

@ Be followed by a carriage return. 

e Precede the Definition File statements which are to be 
printed. 

e@ Be interspersed between complete definition statements. 


NOLIST 


NOLIST turns printing off, and no printing of the Definition File 
input statements will occur until LIST is encountered. How- 
ever, any source statement containing an error will still be 
listed. 


Form: 


NOLIST 


NOLIST must: 


@ Begin on a new line. 

Be followed by a carriage return. 

@ Precede the Definition File statements which are not to be 
listed. 

e@ Be interspersed between complete source statements. 
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SPACE 


SPACE indicates that the assembler is to leave n blank lines 
before printing the next source statement. The general form is: 





Form: 
SPACEA n 

SPACE must: 

@ Begin on a new line. 

@ Be followed by A and a decimal digit indicating the number 
of succeeding lines to be left blank. 

e@ Beinserted in the Definition File at the point where the spaces 


are desired. 


EJECT 


When EJECT is encountered, the assembler generates blank 
lines on a list device so that any previous lines plus the blank 
lines equals the specified “page” length (default is 66 lines). It 
then begins a new “page”, headed with the title. On a printer 
a new page is ejected. The general form is: 





Form: 


EJECT 








EJECT must: 
e Begin on a new line. 
e Be followed by a carriage return. 


DEFINITION STATEMENTS 


Definition statements are used to define constants, full microword 
formats, or partial microword formats. The general form of these 
statements is: 








Form: 

name: definition wordA field1, field2, .. ., fieldn 
or 
constant 


DEFINITION WORDS 


The definition words and their functions are: 


EQU is used to set a name equal to a bit pattern 
DEF is used to define a format for a microinstruction 
SUB is used to define a format for part of a microinstruction 


A complete explanation follows the section defining fields, des- 
ignators and constants (page 5). 


FIELDS 


A field is a contiguous group of bits in a microinstruction (such 

as branch address, next instruction control, etc.). Each field 

may be one of three types: 

@ A constant field whose content is a fixed value or a fixed 
bit pattern, (for example, the next instruction control). 

e A variable field whose content will contain different bit pat- 
terns in different situations (for example, an address field). 

@ A don't care field whose content is not used in this format 
(for example, the address field for a continue instruction). 


4-4 


AMDASM 


The type of data in a particular field is indicated by using “des- 
ignators”. 


DESIGNATORS 


Permissable designators and their meanings are: 


Meaning Example 


A constant or field whose con- B#101 (three 
tents will be represented using bits 101). 
binary digits (0 and 1). Each 

digit has an _ implicit length 

of one bit. 


A constant or field whose con- 
tents will be represented using 
octal digits (O through 7). Each 
digit has an implicit length of 
three bits. 


A constant or field whose con- 
tents will be represented using 
decimal digits (0 through 9). For 
a constant name definition using 
EQU, the implicit length for 
decimal numbers is the number 
of bits needed to represent 
the number in binary. Thus, D#3 has an 
implicit length of 2, 0#4 has an implicit 
length of 3. For fields in a format (DEF or 
SUB), the D# must be preceded by de- 
cimal digit(s) giving an explicit length 
(number of bits) for the field. 


A constant or field whose con- 
tents will be represented 
using hexadecimal digits (0 
through 9, A_ through ‘4. Each 
digit has an _ implicit length 
of four bits. 


A “don't care” field. X must be 
preceded by decimal  digit(s) 
giving an _ explicit length for 
this field (i.e., the bit length). 


A variable field. V must be pre- 
ceded by a _ decimal  digit(s) 
giving an explicit length for this 
field (i.e., the bit length). 


When a designator B#, Q#, 
D# or H# is given after a 
V, it becomes a permanent attri- 
bute of that field and the 
assembler assumes that any value 
specified for that field will 
be given in digits appropriate 
to that designator. 

These permanent designators for 
variable fields may be _ over- 
ridden when using the format 
during the Assembly Phase. If 
a variable _ field has no 
designator given, it defaults to 
binary. For example, if all var- 
iable fields are given as nVQ# 
in the Definition Phase, _ all 
values for this variable field 
that are octal may be written dur- 
ing the Assembly Phase by writing 
only the necessary octal digits. 
The content of a variable field may be 
given during the Definition Phase. The V 
designator may be followed by the B#, 
Q#, D#, or H# and these may be fol- 
lowed by appropriate digits called the 
default value for this field. 

Thus, 6VQ# indicates a_ 6-bit 
variable field whose contents will 
be given in octal. 6VQ#35 indi- 
cates that if no value is sub- 
stituted in the Assembly Phase, 
this variable field should assume 
the default value 011101. 


Designator 
Be 


Q# Q#32 (six bits 


011010). 


O# D#4 (three 


bits 100) 


3D#6 (three 
bits 110) 


H# H#8A 


(eight bits 
10001010) 


4X (4 bit 
“don't care” 
field). 


6V (six bit 
variable field). 


NOTE: The designators B¥, Q#, D#, H#¥ must have no 
blanks between the letter and the #. The desired value for the 
field is then given in the appropriate digits as shown in the 
examples. 
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FIELD RULES 


Each field following a definition word must: 


e Contain a maximum of 16 bits unless it is a “don't care” 
field. 

e@ Be followed by a comma unless it is the last or only field 
following the definition word. 

@ Define a constant field using the designators B#, Q#, D#, 
or H# and the appropriate digits. 


or 

@ Be a variable which gives a bit length and the designator 
V. If no designator follows the V, the field type defaults to 
binary. 

or 


Be a “don't care” which contains a bit length and the des- 
ignator X. 


or 


@ Be a constant name or subformat name which has been 
previously defined. 


NAMES 


Names may be user-defined constant names, format names, or 
subformat names. 


Names must: 


Be the first element in a statement. 

Begin with an alphabetic character (A-Z) or a period (.). 

Be terminated by a colon (:). 

Contain a maximum of 8 characters not including the colon. 
Not contain any embedded blanks. 

Be followed by EQU, DEF or SUB. 

Contain only alphabetic characters (A-Z), a period (.) or the 
digits (0 through 9) in positions 2 through 8. 


Names may: 


e@ Contain more than 8 characters but will be truncated after the 
first 8 characters. 

e@ Be preceded by blanks. 

e@ Be followed by blanks after the : and before the EQU, SUB, or 
DEF. 


Examples of proper names are: 
NUMBER: 
. SHIFT: 
REG.3: 


Improper names are: 


* ADD (special character used) 

SHIFT LEFT: (embedded blank, more than 8 characters) 

3MUXCNTL: (first character not A through Z or period) 
CONSTANTS 


Constants are used to associate a name with a value or to 
define a specified fixed bit pattern. 


Constants may be expressed by using designators and the 
appropriate digits. 
For example 

Q#62 
defines the bit pattern 110010. This type of constant has an 
implicit bit length of 6 bits (each octal digit represents 3 bits). 
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If a decimal digit precedes the designator, as for example in 
4H#5 

the 4 represents the explicit length of the field, and the bit pat- 

tern is 0101. 


Explicit and implicit lengths are more fully defined later in this 
chapter. 


Constants must be represented in 16 bits (i.e., 24° — 1 
maximum). The permissible forms for constants are: 


Permissible 
Form Digits Meaning 
n 0 through 9 Decimal value (default form) 
i B#n Oor1 Binary value 
i Q#n_~—_O through 7 Octal value 
i D#n 0 through 9 Decimal value 
i H#n 0 through 9 Hexadecimal value 


or A through F 


where i represents optional digits specifying the explicit length. 


EXPRESSIONS 

Any field may contain an expression. The expression may use 
designators and/or digits or labels as well as operators. 
Operators permitted in expressions are: 


Operator Description 





+ Add the value of the left operand to the 


value of the operand on the right of + 


Subtract the value of the operand to the right 
of the minus (—) from the value of the operand 
on the left 


* Multiply the left operand by the right operand 


/ Divide the operand on the left (dividend) by 
the operand on the right (divisor) 


All expressions: 


e Are evaluated from left to right. There is no hierarchy for the 
operators and no parenthesis for nesting are permitted. 

e@ Must result in a value which is a positive constant. 

e Are calculated using integers; remainders are discarded. 


DEFINITION WORDS 


The definition words EQU, DEF and SUB are described in de- 
tail in this section. 


EQU 


EQU is used to equate a constant name to a constant value or 
expression. The general form is: 








Form: 





name: EQUA constant (or expression) 








This equates the characters given in the name position to the 
value of the constant or expression. Only one expression or 
constant is permitted following the EQU. 


The following sets the name R12 equal to the bit pattern 1100: 


R12:EQUAH#C 


Future references to the bit pattern 1100 (register 12) may be 
made by using the name R12. 


The defauit type is decimal if no designator follows the 
EQU. (R10:EQUA10 assumes the bit pattern 1010, implicit 
length 4 bits). 


Each EQU must: 

@ Begin on a new line. 

e Begin with a name: 

@ The name: must be followed by EQUA (blanks between : 
and EQU are optional). 

Contain a constant, expression or a constant name which 
represents a bit pattern. 

Define a value which can be represented in 16 bits (2'° 
—1 maximum). 


Each EQU may: 


@ Be followed by a semicolon and comment after the constant 
or expression. 

Be continued on additional lines by using / (slash) as the first 
nonblank character in those lines. 


Be used in the Assembly File as well as in the Definition File. 


DEF 


DEF is used to define a complete microword format establishing 
the contents of unvarying portions of the microword and estab- 
lishing the position and length of variable and “don't care” fields. 
in addition, default values for variable portions of the word may be 
specified. The general form is: 


Form: 


name: DEFA field1, field2, . . ., fieldn 


Each DEF must: 


® Begin on a new line 

e Be preceded by a name: 

e Be followed by one or more blanks, then fields separated by 
commas. 

e Have the sum of the lengths of all fields exactly equal the 
microword length specified by WORD. 

e Begin on a new line 

e@ Specify every bit in the microword in terms of constants, 
“don't cares”, or variables. 

A DEF may: 

e Contain blanks between name: and DEFA. 

@ Be continued on additional lines by using a/ (slash) as the 
first nonblank character in those lines. 

@ Be followed by a semicolon and a comment after any full field 
is defined. 

e Contain (in any field) a subformat name or constant name 
which has been PREVIOUSLY defined. 

e Contain a variable, “don’t care’, constant or expression in any 
field. 

® Contain a variable field which specifies a default value for the 
field. The default value may be a constant or a ‘don't care”. 

@ Be overlayed on “don't care” fields with another format to 


obtain a complete microword during the Assembly Phase. 
Overlaying on other than “don’t care” fields will result in 
errors, so this feature must be used with care. 
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SUB 


SUB is used to define a subformat which is the format of a portion 
of the microword. A subformat is the same as a format except that 
it contains fewer bits than the full microword. The fields may be 
constants, variables or ‘don’t cares”. Its general form is: 


Form: 


name: SUBA field1, field2, . . , fieldn 


Each SUB must: 


Be preceded by a name: 

Be followed by one or more blanks, then fields separated by 
commas. 

Precede the DEF in which it is first referenced. 

Begin on a new line. 

Not be used in the Assembly File. 


SUB may: 


Be less than a microword length in bits. 

Be continued on additional lines by using /(slash) as the first 
nonblank character in those lines. 

Be followed by a semicolon and a comment after any com- 
plete field. 

Contain (for any field) a constant name that was PREVI- 
OUSLY defined, or a constant, expression, variable, or “don't 
care” specification. 


ee > 


A SUB will be useful when several formats contain identical 
adjacent fields. In this case, the subformat name may be used in 
each DEF whenever these fields occur. 


EXAMPLES OF EQU, SUB, DEF 


An EQU is used to associate a bit pattern with a symbol (constant 
name); one example is: 


R2: EQUA B#010 


This defines the name R2 as a 3-bit constant with the bit pattern 
010. Whenever the symbol R2 is used, the bit pattern 010 will be 
substituted. 


A SUB might be: 
SHFTRT:SUBA 3V, B#10110, 5X 


This defines SHFTRT as a subformat with a 3-bit variable field 
(3V), a 5-bit constant field (B#10110), and a 5-bit “don't care” 
field (5X) for a total of 13 bits. 


A DEF is used to associate bit patterns with a symbol (format 
name). One example is: 


ADD: DEFA 3V, B#10110, 5X, B¥0011, 4X, B#010 


This defines ADD as a format with a 3-bit variable field (3V), a 
5-bit constant field (B#10110), a 5-bit “don’t care” field (5X), a 
4-bit constant field (B#0011), a 4-bit “don’t care” field (4X), anda 
3-bit constant field (B#010). This gives a total microword length 
of 24 bits. 


Alternatively, the same format name could be written using the 
subformat name (SHFTRT) and the constant name (R2) previ- 
ously defined by writing: 


ADD: DEFA SHFTRT, B#0011, 4X, R2 
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Another example of an EQU is: 

TWOK: EQUA 2048 
This assigns the bit pattern 100000000000 and a length of 12 bits 
to the name TWOK. The 2048 is assumed to be decimal and the 


length is taken from the rightmost bit through the leftmost bit in 
which a 1 appears. 


Thus, 


EIGHT: EQUA 8 
yields the bit pattern 1000 with a length of 4 


Alternatively, by using different designators, the constant 
TWOK: EQUA 2048 
could be written: 


TWOK: EQUA B#100000000000 
TWOK: EQUA Q#4000 
TWOK: EQUA H#800 


All of these yield the bit pattern 100000000000 and a length of 12. 


FIELD LENGTHS 


Each field may be given an explicit or implicit length. An 
explicit length is indicated for a field by using decimal digit(s) 
before the designator. The maximum {length is 16 bits except for 
don’t care fields whose maximum length is the microword size. 


Thus, 
3B#101 
indicates a field with an explicit length of 3 bits. 


Decimal, variable or ‘don’t care” designators require an 
explicit length before the designator D#, V or X. 


“Don't care” or variable fields require an explicit length since 
they do not, necessarily, initially contain a definite bit pattern. 


Decimal fields in a format or subformat require an explicit 
length since there is no direct correlation between the number 
of decimal digits given and the number of binary bits desired 
for this field. 


Example Description 

4V Defines a variable field with the explicit length of 
4 bits. 

5D#16 Defines a constant field with the explicit length of 
5 bits and the bit pattern 10000. 

R3:EQUAS5 Defines aconstant using the default type decimal, 


value 5. The implicit bit length is 3. 


CONSTANT LENGTHS 


A constant may have an implicit or an explicit length. An 
explicit length is given by placing the bit length (in decimal 
digits) before the designator. Thus, 

B:EQUA4D#8 
has an explicit length of 4 and the bit pattern 1000. 


If an explicit length is not given, the constant is assigned an 
implicit length determined by the designator used. 


Table 2-1 
Implicit Length Attributes of Constants 










Constant Description 





AB:EQUAB#1000 Each binary digit yields 
an implicit length of 1 bit 


per digit. 
BB:EQUAQ#10 6 


001 000 


Each octal digit yields an 
implicit length of 3 bits 
per digit. 


CB:EQUAH#10 8 0001 0000 | Each hexadecimal digit 
yields an implicit length 
of 4 bits per digit 


DB:EQUA12 4 1100 The 12 is assumed to be 
decimal, and the implicit 
length is counted from 

the rightmost bit through 


the leftmost 1. 











EB:EQUA4 3 100 Same as above. Implicit 


length 3. 


CONTINUATION 


Any statement may be continued on additional lines by placing 
a/ (slash) as the first nonblank character in those lines. 


A continuation must: 


e Have a slash as the first nonblank character in its line. 

e@ Preferably be indicated after a complete field (including the 
comma) has been given on the preceding line. 

e Never occur between the designators B, D, Q, or H, andthe # 
sign. 


Examples are: 


SHFTRT: SUBA 3V, B#10110, 
[5X 


ADD: DEFA 3V, B#10110, 5X, 
/B#0011, 4X, B#010 


COMMENT STATEMENTS 


Acomment statement is used to provide information about pro- 
gram variables or program flow. The general form is: 


Form: 


; comment text 


A comment may be a full or a partial line. All data from the 
semicolon to the end of the input line is ignored by the assembler. 


Comments must: 


@ Begin with a semicolon. 

® Be placed after a complete field if used within a DEF or SUB, in 
which case subsequent fields for that DEF or SUB must begin 
onanewline with a / (slash) indicating that they are a continua- 
tion of this DEF or SUB. 


For example: 


. SHFTRT: SUBA 8V, ; this is a shift right subformat 

. /B# 10110, 5X; which is continued on a second line 

. ; the ADD given below is a complete microword format 
. ADD: DEFA SHFTRT, B#0011, 4X, R2 

. ; total number of bits for SHFTRT is 13 

. ; the bit pattern for SHFTRT will be substituted 

. ; in the ADD given above 


NQOOfP OND = 


Statements 3, 5, 6, and 7 are full comment lines. Statements 1 
and 2 are statements to be processed but all characters after the 
‘semicolon’ will be treated as comments. The SUB begun in 
statement 1 is continued in statement 2 where ‘/’ indicates con- 
tinuation. 


MODIFIERS AND ATTRIBUTES 


Modifiers are placed after a constant or after the designator V. 
When placed after a constant they alter only the value given. 
When used after a V, the modifiers are called attributes of 
that field and are permanently associated with the field. Attri- 
butes will modify any default value given with the variable field 
in the Definition File and they will modify any value substituted 
for this variable field when the format name is used in the As- 
sembly File. 


Permitted modifiers and their actions are: 


Modifier Action Performed on Constants or Default Values 





* Inversion (one’s complement) 


Negate the number (two’s complement) 


Truncate on the left to make the value given fit into 
the number of explicit bits for this field. 
% This field is to be considered an address field. Any 
value given is to be right-justified in the field and any 
bits remaining on the left are to be filled with zeros. 


The field is treated as an address within a “paged” 
memory organization. This attribute permits sub- 
stitution in this regard and initiates out-of-bounds 
page checking logic. Used only with variable fields 
as an attribute (may not follow a default value). 


Examples of correct use of modifiers with constants: 


Example Description 





D#5* Yields bit pattern 010 (101 (5) is inverted). 


B#0101— Yields bit pattern 1011 (0101 is two’s com- 
plemented). 

6Q#357: Yields bit pattern 101 111 (the left bits 011 (3) are 
truncated). 


12H#A5% Yields bit pattern 0000 1010 0101 (the AS is right 
justified in a 12 bit field). 


Examples of incorrect fields due to ommision of modifiers: 


Example Description 
4B#101 Explicit length is 4 bits, only 3 bits follow the B # but 
no % sign (indicating right justification) is given. 
5Q#34 Explicit length is 5 bits but the 34 generates 6 bits 


and no : has been given to indicate that the leftmost 
bit is to be truncated. 
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Modifiers must: 


@ Appear after the value of a constant (i.e., 12H#4C% or 
5Q#37)). 

Appear after the V but before the (optional) default value for a 
variable field (12V%Q# 46), if they are to be permanent attri- 
butes of the field. The % and the Q# become permanent 
attributes of this variable field and are also modifiers of the 
default value. To modify only the default value, modifiers must 
follow the value (12VQ#46%). 

Not appear with “don’t cares” (e.g., 3X% is illegal). 

The modifiers «and — may not both be used for the 
same field. 


A more detailed description and examples are given in Chapter 
Ul. 


MODIFIER PRECEDENCE 


Modifiers or attributes may appear in any order but will always 
be processed in the following order: 


Modifier Description 
* Or— Inversion or negation 
% Right justification 
: Truncation 
$ Paged addressing 


DESIGNATORS AS ATTRIBUTES 


Variable fields may use the B#, Q#, D# and H# as attri- 
butes. Once given, B¥, Q#, D# and H# are permanently as- 
sociated with that variable field unless overridden. If a variable 
field has no radix base specified, it will default to binary. 


If the user always wants to input assembly variables in octal, each 
variable field in the Definition Phase should be written as nVQ #. 
Then, in the Assembly Phase the value for this field may be given 
as, 27, and the program will assume that these are octal digits. If, 
in the Assembly File, octal is not desired, the field in the Assembly 
File program could be written as B#010111, or H#27, etc., to 
override the octal attribute. 


lf a variable field is defined with a default value (4VH#C), the 
designator (H#) becomes an attribute of that field. 


The attribute H #, if given with a variable field in the Definition File, 
may need to be repeated in the Assembly File. This is necessary 
since the program can not distinguish hexadecimal values which 
begin with A through F from names, which may also begin with 
the letters A through F. 


$ ATTRIBUTE 


The § attribute may be used only with variable fields to indi- 
cate paged addressing. 


When the $ is given with a variable field, the % and : attri- 
butes are automatically set for that field. 


The $ will indicate that this is a field whose remaining upper 
(leftmost) bits are to be truncated and compared with the cor- 
responding bits of the current Program Counter. 


If the truncated bits do not agree with the corresponding bits of the 
PC, an error occurs. 


The desired length of the “page” is determined by the number of 
bits given as the wicth of this variable field. 
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Thus, if a “page” is to be 256 words deep, the variable field 
would be defined as 8V$. Any value substituted for this field 
will be truncated on the left and the remaining eight right-hand 
bits will be substituted into the field. If the truncated left bits 
do not agree with the corresponding bits of the current pro- 
gram counter value, the substitution would attempt to produce 
a jump to another page: thus an error message is generated. 


“DON’T CARES” 


A “don't care” is used to indicate the bits (a field) whose state (bit 
pattern) is irrelevant in this microword instruction. 


The general form is: 


Form: 
nx 


where 


n is the number of bits (in decimal), and X indicates “don't 
care”. 


“Don't cares”: 

e Are printed as an X in the Assembly Phase output. 

@ May be assigned the value 0 or 1 during the post processing 
phase. 

e@ Are the only fields which may be greater than 16 bits in 
length. 

@ Are the only fields in a format which may be overlayed 
(or’ed) with another format which contains a constant in 
the same field. 

VARIABLES 


Variables are used to define microword fields whose contents 
need notbe assigned until assembly time. A variable field may be 
assigned a default value in the Definition File. The general forms 
are: 


Form: 


nv 
nv 
nv 
nv 
nv 


attributes 

attributes default-value 
attributes default-value modifiers 
default-value modifiers 


A variable field must: 


@ Be preceded by an explicit length (n) which gives (in decimal) 
the bit length of the field. (n < 16) 

Contain a V after the length. 

End with a comma (,) if another field follows it. 


Contain a % after the V if an expression or the program 
counter is to be used as a substitute for this field in the 
Assembly File. 


A variable field may: 


e Contain attributes (immediately after the V), such as inversion 


(*), which will always invert any value given for this field. 
Contain a designator given with or without a default value 
which will automatically determine the default type for this 
field. 
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Contain a default value given in binary indicated by (B¥), 
octal (Q#), hexadecimal! (H#), or decimal (D#) followed by 
the desired digits. 


Contain modifiers after the default value. These modify only 
the default value and are not permanently associated with this 
variable field. 


Contain a default value given as X (indicating “don't care”’) if 
the user wishes to overlay this field during the Assembly 
Phase. 


Contain either a default value of “don't care” or an explicit 
default value (bit pattern) but not both. 


Examples of the correct use of variable fields with a default value 
of “don’t care” are: 


3VX 
3V#X 
3V$X 
3V#$X 


EXAMPLES OF VARIABLE FIELDS 


Field 

Content Meaning 
3V A 3-bit field. The content is variable and will be 
supplied when this format name is used in the As- 


sembly File. The field type defaults to binary. 


A 3-bit field whose content is variable. The con- 
tent will be supplied when the format name is 
used during the Assembly File. The content may 
then be given as one octal digit without using the 
designator Q#. If the content is to be given in bi- 
nary, decimal, etc., then the designator B#¥ or D¥ 
would be placed before the digit(s) given in the 
Assembly File. 


3VQ# 


3VE% A 3-bit field whose content is variable. Any value 
given for this field within the Assembly File will au- 
tomatically be inverted and right-justified. Since no 
designator is given, the field defaults to binary. If the 
content is to be given in octal, etc. in the Assembly 
File, the appropriate designator (Q#, H¥, D#) must 


precede the digit(s). 


A 3-bit field whose content is variable. If no value 
is specified for this field in the Assembly File, it will 
assume the default value (specified as Q#5) bit 
pattern 101. 


3VQ#5 


3VQ#5* Is the same as above but the 5 is inverted to yield the 
bit pattern 010. Values substituted for this field dur- 


ing the Assembly File are not automatically inverted. 


3V*#Q#5 Yields the same pattern as 3VQ #5 «but, in addition, 
any value substituted during the Assembly File for 
this field will also be automatically inverted since 


the « follows the V rather than the 5. 


Yields a 3-bit variable field with a default value of 5, 
inverted, then inverted again by the * following the V. 
The resulting bit pattern is 101. Any value substituted 
for this field in the Assembly File will be inverted. 


3V#Q #5% 


To summarize, attributes placed immediately after the V are 
permanently attached to this field and will operate on any default 
value given with the field as well as any value substituted for the 
field in the Assembly File. 


Modifiers placed after a default value apply only to the default 
value. 


Examples of incorrect variable fields are: 


Field 

Content . Description 

3VH#7 The H#7 yields 4 bits. No : was given to indicate that 
the left bit should be truncated to fit the 3-bit field. 

3:VH#7 — The: isin anincorrect position. It should be 3V:H#7 


or 3VH#7: (depending on whether the truncation is 
a permanent field attribute or a modifier of the default 
value H#7). 


In short, attributes must be placed immediately after the V. Mod- 
ifiers must be placed immediately after the digits given for the 
default value. 


DEFINITION FILE RESERVED WORDS 


The following words are used during the assembly phase as 
assembler control statements and may not be used as format 
names or constant names in the Definition File : 


ALIGN EQU NOLIST SPACE 
EJECT FF ORG TITLE 
END LIST RES 


SAMPLE DEFINITIONS 


Some possible ways of defining a few of the fields and for- 
mats for the Am2900 Learning and Evaluation Kit (see Figure 
5-2) are: 


R2:EQUAH#2 ; 
R11-EQuaHge| Pesisters 
CONT:DEFA4X, B¥#0010,24x 

BREGFEQO:DEFA4VH# ,4D#12,24x 


Next instruction 
control 


Registers 2 and 11 are defined as 4 bits, with the assigned 
values 2 (0010) and 11 (1011), respectively. 
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CONT (continue) defines only the four bits (shown as 27-24 in 
Figure 5-2) with the pattern 0010. All other bits are left as don’t 
cares. 


BREGFEQO (Branch Register if F = 0) defines the four bits 
(bit numbers 31-28 in Figure 5-2) as a variable field, to be 
given a value during the Assembly Phase using hexadecimal 
digits. The next four bits (bit numbers 27-24 in Figure 5-2) are 
given the constant pattern 1100 (value 12). All other bits are 
don't cares. 


NUMBER OF PERMITTED EQUs, DEFs, AND 
SUBs 


There is no fixed maximum number of EQUs, DEFs or SUBs 
because AMDASM stores all data dynamically. The user of a 
32K-byte system has available, in PHASE1, approximately 10K 
bytes for variable storage; PHASE2 has approximately 8K bytes. 


PHASE? allocates: 
12 bytes for each EQU 
12 bytes for each format or subformat name 
4 bytes for each field in a DEF or SUB 


PHASE2 allocates: 
12 bytes for each format name, constant name and label 
4 bytes for each format field 


HORIZONTAL TABS 


A horizontal tab may be entered for readability as the user inputs 
his source files. The assembler places the character following the 
horizontal tab at the next tab position. Tab stops begin with 
position 1, and occur every eight positions thereafter as follows: 
position 1, 9, 17, 25, etc. Thus if data is input at character position 
5, a tab will place the next character input at position 9. However, 
if data is input at character position 17, a tab will place the next 
character at position 25. 


Horizontal tabs may be used in both the Definition and As- 
sembly Files. 
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CHAPTER Ill 


ASSEMBLY PHASE (PHASE2) 


The Assembly Phase reads in the source program statements, 
assigns values to labels and constants, then translates the 
source program's executable statements into a binary format. 
The Definition Phase output (a table of format and constant 
names and their associated bit patterns) is used for this transla- 
tion. 


The user must input his source program statements in the order 
corresponding to the desired order of his executable statements. 
The user may allocate blocks of storage, control printing, and set 
the program counter via nonexecutable assembler control in- 
structions which are interspersed with, and do not affect the order 
of, his executable statements. 


The object code is input via a sequence of instructions called 
the Assembly File whose content includes the following: 


TITLE (heading to be printed on the output listing) 


Printing control words 
Program counter control words 
Constant definition word 


Executable statements 
Comments 





END 


The optional TITLE statement is usually input first so that the 
desired title appears on the first output page. 


The other statements (shown boxed) may be interspersed 
throughout the body of the file. However, the executable 
statements must be input in the order that corresponds to the 
desired sequence of the object (micro) code. 


The END statement must be the last statement in the Assem- 
bly File. 


The permissible Assembly Phase statements are: 


TITLE 
LIST 
NOLIST 
SPACE 
EJECT 


Printing contro! words 


ALIGN 


EQU Constant definition word 


FF Free form definition word to 


ORG 
RES Program counter control words 
establish a microword content 


References to format names from the Definition Phase 
Comments bused for documentation and program flow. 


END } End of the Assembly File. 


None ofthe control words (LIST, ORG, etc.) or format names may 
contain blanks. 


ASSEMBLY FILE STATEMENTS 


Each statement contains an optional label followed by a 
statement type. Some statement types must be followed by 
an argument which may be a constant, a constant name, or 
an expression. 


The general form of all Assembly File statements except 
comments is: 


Form: 


control word 
label: 
_ } format name 
name: 


Aarguments } 
definition word 


CONTINUATION 


Any statement may be continued on additional lines by placing 
a/ (slash) as the first nonblank character in those lines. 


LABELS OR NAMES 


Labels or names are packed groups of letters and/or symbols 
which have an associated value. 


Labels are permissible with executable statements and names 
are required with the definition word EQU. 


Form: 


name: definition word 
or 
label: format name 


A name or label's value is determined by the statement type 
which follows it. Thus, 


name: EQUAn 
equates the symbol “name” with the value given for “n’”, 
while 

label: format name A VFS, VFS... 


equates label to the current value of the program counter, so that 
reference may be made to this location in the microcode by using 
this label. 


A label or name must: 


e@ Begin with an alphabetic character (A through Z) or period (.). 

e nd with a colon. 

@ Contain no more than 8 characters, exclusive of the colon. 
(Excess characters are truncated on the right.) 

e@ Contain no imbedded blanks. 

e@ Eachbe unique. If duplicates are given, the value given at the 
first occurrence is used and a warning message is issued for 
each duplicate. 


A label! or name may: 


e@ Precede an EQU, RES, ORG, FF, or an executable in- 
struction 

e@ Be used as a variable field substitute (VFS) 

@ Be used as a field in an FF statement 

@ Not be a reserved word 

@ Contain only the letters A-Z, numerals 0-9 or a period (.) in 
positions 2 through 8. 


When a name is defined by an EQU, the definition (source 
statement) must precede the use of the name as a field or a 
constant. If the statement 


AM2909:DEFAJSR,28X 


is given, it must be physically located in the source program 
after the statement 


JSR:EQUAH#5 


A good general! rule is to place all EQUs at the beginning of 
the Assembly File program. 


ENTRY POINT SYMBOLS 


When a.label is followed by a double colon (::) it is called an 
Entry Point. Entry Points are used when generating Mapping 
PROMs to easily obtain the program (location) counter value 
associated with certain points in the microcode. 


Entry Points are indicated in the assembly source file as 
label: : format name A VFS,... 


Except for the double colon, Entry Points are subject to all the 
rules applicable to labels. 


A list of the Entry Points (symbols and values) may be obtained 
when AMDASN is executed by requesting the MAP option (see 
Chapter 4, page 20). 


STATEMENT TYPES 


The Assembly File uses six general types of statements. 
These are listed below with their permissible control words: 


Printing control statements (LIST, NOLIST, SPACE, 
EJECT, TITLE) 

Program counter control statements (RES, ORG, ALIGN) 
Constant definition statement (EQU). 

Executable instruction statements (format names from the 
Definition Phase, FF). 

Comment Statements (;). 

END Statement 


PRINTING CONTROL STATEMENTS 


TITLE 


All data input on the line with TITLE will be printed at the top 
of each page of output. A maximum of 60 characters may be 
input for a title. When a new TITLEA is encountered the list 
device ejects blank lines to complete the present page and 
succeeding “pages” will contain this title. A “page” is not 
necessarily a physical page since the user may specify the 
length (number of lines) of a “page”. The general form is: 


Form: 


TITLE A alphanumeric data to be printed 
at the top of the page 


LIST 


LIST indicates that the following statements are to be printed 
whenever printing of the Assembly File input is requested. This 
feature will be most useful when correcting or modifying an As- 
sembly File. (AMDASM automatically prints the source state- 
ments unless NOLIST is specified by the user.) The general form 
is: 
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Form: 


LIST 


LIST must: 

@ Begin on a new line. 

e@ Be followed by a carriage return. 

@ Precede the Assembly File statements which are to be 
printed. 


e@ Be interspersed between complete assembly statements. 


NOLIST 


NOLIST turns off the printing of assembly source statements. 
Printing of the Assembly File input will be suppressed until LIST is 
again encountered. Any source statement containing an error will 
still be printed. The general form is: 


Form: 


NOLIST 


NOLIST must: 


Begin on a new line. 

Be followed by a carriage return. 

Precede the Assembly File statements which are not to be 
listed. 


e Be interspersed between complete assembly statements. 


SPACE 


SPACE indicates that the assembler is to leave n blank lines 
before printing the next source statement. The general form is: 


Form: 


SPACEA n 


SPACE must: 


Begin on a new line. 

Be followed by A and a decimal digit indicating the number 
of succeeding lines to be left blank. 

Be inserted in the Assembly File at the point where the 
spaces are desired. 


EJECT 


When EJECT is encountered, the assembler generates blank 
lines on a list device so that any previous lines plus the blank 
lines equals the specified “page” length (default is 66 lines). It 
then begins a new “page”, headed with the title. On a printer 
a new page is ejected. The general form is: 


Form: 


EJECT 


EJECT must: 
e Begin on a new line. 
e@ Be followed by a carriage return. 
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PROGRAM COUNTER 
CONTROL STATEMENTS 


ORG 


ORG is used to set a new program counter (PC) origin. The 
next assembled microword will be located at the new origin. 
The general form is: 


Form: 


ORGAn 


ORG must: 


@ Be followed by at least one blank and n. 

e@ Haven specified using decimal digits unless one of the desig- 
nators B#, Q# or H# precedes the digits given. 

e Beused only for setting the program counter forward. 

e Be greater than or equal to the current value of the program 
counter. 


ORG may: 


e@ Contain an expression instead of n. 
© Beused an unlimited number of times in the Assembly File. 


If no ORG is specified the assembler uses an initial PC of 
0. 


RES 


RES is used to reserve n words of memory. This increments 
the program counter by n. The reserved words will auto- 
matically be filled with “don’t cares” by the assembler. The 
general form is: 


Form: 


RESA n 


RES must: 


© Be followed by at least one blank and n. 
e Haven specified using decimal digits unless one of the desig- 
nators B#, Q# or H# precedes the digits given. 


RES may: 


e Contain an expression instead of n. 
@ Beused an unlimited number of times in the Assembly File. 


ALIGN 


ALIGN is used to set the program counter to the next value 
which is an integral multiple of the value n. It is used to align 
the program counter to a specific boundary such that the next 
microinstruction will be assembled at an address which is, for 
example, the next integral multiple of 2, 4, 8 or 16. The gen- 
eral form is: 





Form: 


ALIGNA n 


ALIGN must: 


@ Be followed by at least one blank and n 
@ Haven specified using decimal digits unless one of the desig- 
nators B#, Q#, H# precedes the digits given. 


ALIGN may: 


@ Contain an expression instead of n. 
@ Be used an unlimited number of times in the Assembly File. 


CONSTANT DEFINITION 
STATEMENT 
EQU 
EQU is used to equate a constant name to a constant value or 
expression. The general form is: 
Form: 


name: EQUA constant (or expression) 





This equates the characters given in the name position to the 
value of the constant or expression. Only one expression or 
constant is permitted following the EQU. 


Each EQU must: 


@ Begin on a new line. 

@ Begin with a name: 

e The name: must be followed by EQUA (blanks between : and 
EQU are optional). 

@ Contain a constant or expression which represents the bit 
pattern for one field. 

@ Define a value which can be represented in 16 bits (216 -1 
maximum). 


Each EQU may: 


@ Be followed by a semicolon and comment after the constant 
or expression. 

e Be continued on additional lines by using / (slash) as the first 
non-blank character in these lines. 

e Beused inthe Assembly File even if defined in the Definition 
File. 


e Be equated to the current value of the program counter by 
using $ as the designator. The $ may be part of an expres- 
sion. 


Examples of EQUs: 
ADD:EQUAQ#0 

defines a 3-bit field whose bit pattern is 000. 

This could be an ALU function of ADD for the Leariing Kit. 
PUSH:EQUAH#9 


defines a 4-bit field, bit pattern 1001 which might represent the 
next microinstruction control field in the Learning Kit. 


EXECUTABLE STATEMENTS 


Executable statements form the body of the Assembly Phase 
Program. When assembled (with appropriate substitution of 
parameters) they form the binary output code of the Assembly 
Phase. They must be input in an order which corresponds to the 
desired order of the object code. 


EXECUTABLE STATEMENTS 
USING FORMAT NAMES 


Most executable instructions will refer to the format names estab- 
lished by the Definition Phase. Their general form is: 


Form: 








{label:}format nameAVFS, VFS 
(VFS = Variable Field Substitution) 


These formats may be referenced singly (with appropriate 
VFSs) or they may be combined (overlayed) with other for- 
mats (and their appropriate VFSs). All cases result in the for- 
mation of a single, complete microword. 


Executable Instruction Statements must: 


@ Begin on a new line. 

® Contain a format name from the Definition Phase. 

@ Substitute a constant name, a label, a constant, or an expres- 
sion for each variable field and these must be separated by 
commas. If a default value was given in the Definition Phase 
and is to be used, the VFS may be omitted. 


Executable Instruction Statements may: 


@ Contain a single format name or may contain an unlimited 
number of format names to be overlayed. 

e@ Contain the current value of the program counter as the value 
fora field if $ is the VFS used for that field. The $ may be part of 
an expression ($ + n) given for a VFS. 


e Be preceded by a label: or a tabel:: 


FREE FORMAT STATEMENT FF 


Executable statements whose instruction formats were not de- 
fined in the Definition Phase may be defined in the Assembly 
Phase by using the built-in free format command FF. The 
general form is: 


Form: 
{ label: } FFA field1, field2, . . ., fieldn 


An Assembly File may contain an unlimited number of FFs. 
Each FF must: 


@ Begin on a new line. 

® Contain a / (slash) as the first nonblank character if continued 
on another line. 

® Have fields separated by commas. 

@ Have anexplicit length “n’ given for “don't care” fields (nX) or 
for fields defined using decimal (nD#m). 

e Not contain a variable field. 

e Not contain a constant name for a field unless that con- 

stant has been previously defined in the Assembly or Def- 

inition File. 

Not be overlayed with another format name. 


Each FF may: 


e Be preceded by a label : or label :: 
e Contain an expression for any field but the expression 
must be enclosed in parenthesis and must be preceded by 


the field length “n’, for example: 


FFA5X,10($-5),B#101 


® Contain a value for an expression which is to be automati- 
cally right justified in a field. However, if the number of bits 
which reprosont the value is larger than the field length, an 
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error is generated unless the truncation follows the ) for 
this expression 

© Contain a field whose value is the current value of the 
program counter by using $ for that field (or an expression 
containing $ may be used). 


For example, if the constants 


WORDA 48 
AZ: EQUAB#01 
RB: EQUAQ#10 


were defined in the Definition File, then the Assembly File could 
contain the following statements: 

C: EQUA H#C 

XTRA: FFA 12H#3%, AZ, 18X, C, B#10111, 

/1X, RB 


The microinstruction (binary output) for this FF is: 





000000000011 01 XXXXXXXXXXXXXXXXXX 
12H#3% AZ 18X 
1100 10111 X 001000 
—_—_—— —_—— —=_—— — 
C B#10111 1X RB 


which will be printed in the following format: 


00000000001 101XX XXXXXXXXXXXXXXXX 110010111X001000 


OVERLAYING FORMATS 


When formats are overlayed (combined) to form a microword, the 
general form is: 


Form: 


{label:}format nameAVES, VFS, &format nameAVFS, VFS . . 


(VFS = Variable Field Substitution) (& = overlay) 


Formats may be overlayed (combined) with other formats pro- 
vided that: 


® Each bit of format name (#2) that contains a one or zero, 
must have that bit specified as a “don’t care” in the format 
name (#1) to be overlayed. Subsequent overlays must be on 
the “don’t care” fields remaining after the overlay of all pre- 
ceding formats. 

@ Each format is a full microword in length. 


Microword instructions defined using the built-in free format (FF) 
may not be overlayed. 
For example, if the Definition File contains: 


ADD: DEFA 5X, 8H#A2, 3X 
REG1: DEFA B#00001, 11X 
CARRY: DEFA 15X, B#1 


Then in the Assembly Phase 


ADRGCY: ADD & REG1 & CARRY 
yields 


00001 10100010 XxX1 
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COMMENT STATEMENTS 


Comment statements are nonexecutable statements which are 
used to provide information about the program variables or the 
program flow. A comment may be a full line or may follow, for 
example, a constant definition statement. All characters from the 
semicolon to the end of the input line are not processed and serve 
merely as a documentation aid. The general form is: 


Form: 


; comment text desired 


END 


END indicates that the Assembly File is complete and should be 
processed. The general form is: 


Form: 


END 


END must: 


@ Begin on a new line. 
e@ Be the last statement in the Assembly File. 
® Be followed by a carriage return. 


ARGUMENTS 


An Argument follows some types of statements as shown in 
the executable instruction section. 


Permissible Arguments are: 


Constants 
Expressions 
Constant names 
Labels 


The statements 


LIST 
NOLIST 
END 
EJECT 


require no Arguments. 


Executable instructions which contain format names from the 
Definition File need Arguments only if there were no default 
values given for variable fields. Arguments which are to be 
substituted in variable fields are called Variable Field Substi- 
tutes (VFS). 


All other statements types require Arguments. 


CONSTANTS 


Constants are used as Arguments for the commands EQU, 
ALIGN, RES, SPACE, ORG or as variable field substitutes 
(VFSs). 


Note that in the Assembly File the $ is used to indicate the 
substitution of the program counter value for the content of a 
constant or field. The following table lists the designators which 
may be used to define constants: 
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Designator Meaning 

B# A constant or field whose content will be rep- 
resented using binary digits (0 and 1). 

Q# A constant or field whose content will be rep- 
resented using octal digits (0 through 7). 

D# A constant or field whose content will be rep- 
resented using decimal digits (0 through 9). A D# 
must be preceded by decimal digit(s) giving an 
explicit length (number of bits) when representing 
a field in an FF statement. 

H# A constant or field whose content will be rep- 
resented using hexadecimal digits (0 through 9, A 
through F). 

$ Use the current program counter as the value for 


this field or constant. 


CONSTANT LENGTHS - 


Constant lengths were discussed in detail in Chapter |. However, 
the length associated with the use of the $ is a special case. 


When the $ is detected in the evaluation of a constant field or 
expression, the current program counter value is substituted 
in place of the $. 
If the PC = 59 at the instruction preceding: 

NEXTLOC: EQUA$+5 
then NEXTLOC is equated to 64. 


If the $ is substituted for a field, the length of the PC is calcu- 
lated by counting the bits from the right to the leftmost sig- 
nificant one bit. The PC length most probably will not agree 
with the defined (explicit) field length. 

Thus, when defining fields in a format in the Definition Phase 
or in an FF statement, the fields which are to have $ substi- 
tuted in them should include the % and/or the : attributes. For 
example, the field definition 


AV%: 

will permit any PC value to be substituted into it but 
4V 

will accept only PC values between 0000, and 1111p. 


CONSTANT MODIFIERS 


Constants may have modifiers following their given value. 
They must appear after the constant digits where they may be 
in any order but will be processed in the following order: 


Modifier Description 
* Or — Inversion or negation 
% Right justification 
: Left truncation 
$ Paging 


A constant may not be modified by both inversion and nega- 
tion. 


If a constant, including modifiers, is given as a VFS, any attri- 
butes (permanent modifiers) given for that field in the Defini- 
tion File will also modify the value of the constant given. 


If, for example the Definition File contains: 
A: DEFA 5X, 3V*, 2X, 5V%H#, B#10101 
= _—_—_—— 
field#1 field#2 
and the Assembly File is written: 
TEST: AA011,9 


the binary value 011 is inverted and substituted for field #1, while 
the 9 (hex) is equated to binary 1001 and right justified for field#2 
resulting in the microinstruction 


XXXXX 100 XX 01001 10101 


If the Assembly File statement is written 
TEST2: AAOO1* , 3 


the binary value 001 is inverted by the current*, then inverted 
again by the attribute in the Definition File for field#1. Field#2 
hex 3 (binary 0011) is inverted to 1100 and right justified in 
field#2. 


The complete microinstruction is: 
XXXXX 001 XX 01100 10101 


EXPRESSIONS 


Expressions may be used when the programmer wishes to 
have a value calculated as an argument or as a field substitu- 
tion. An expression assumes the form: 


Form: 


Symbol operator symbol operator . . . 


Ail expressions: 


e@ Are evaluated using integer arithmetic and remainders are 
discarded 


Must result in a positive value which can be represented in 
16 bits (2'© —1 maximum). ; 


Use only the operators, + addition, — subtraction, * multi- 
plication, /division, which are described in Chapter Il, page 5. 


Are evaluated in strict left to right sequence. There is no 
hierarchy for the operators and no parenthesis for nesting are 
permitted. 


May contain the $ as a symbol to indicate that the current 
value of the program counter is to be substituted. 


Are terminated by a comma or the end of the line except 
when used as a field in FF where they are enclosed by paren- 
thesis. 


May be continued on the next tine by making the first 
nonblank character a slash (/). A continuation involving a 
division would thus require a double slash (//). 


May contain constants, constant names or labels. 


For example, if SBB is a format name, and the first variable 
field is to contain the value 3, it might be written as: 


SBBA1 + 2 


which is the same as SBBA3 (1 and 2 are expression symbols, 
+ is an expression operator). The expression 


JMPAS - 5 
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yields the current value of the program counter minus 5 as the 
VFS for the first variable field in the format name JMP. ($ and 5 
are expression symbols, — is an expression operator). The ex- 
pression 


EIGHT: EQUA 2#282 


means EIGHT = 8 (2’s are the expression symbols, *’s are the 
operators). 


EXAMPLES OF 
CORRECT CONSTANT USAGE 


QREG:EQUAQ#0 


AQ:EQUAQREG Definition File 


DQ:EQUA4+8/6 (value = 2) 
AB:EQUAQREG +1 
AM2901 :DEFA4V%D#,5X,AQ,3V,17X 


EXOR:EQUAQREG+6 
BEGIN:AM2901A$+2,EXOR 


Assembly File 
AM2801A$—1,AB 


VARIABLE FIELD SUBSTITUTES (VFS) 


When a format is defined in the Definition File some of its 
fields may be designated as variable fields. If these fields are 
not given a default value during their definition or if one 
wishes to override the default value, a substitution must be 
made for these field(s) in the Assembly File source state- 
ments. These substitutes are called Variable Field Substitutes, 
VFS. 


REQUIRED SUBSTITUTIONS 


If the variable field(s) are not given default values in the Definition 
File, values for these fields must be provided in the Assembly File 
source statements. If omitted, an error message will be provided, 
and processing of that statement ends. . 


SUBSTITUTION SEPARATORS 


Each VFS (whether required or optional) represents a single field 
and must be separated from other VFSs by a comma. Trailing 
commas may be omitted but the assembler uses the commas 
to indicate which fields are to be given substitute values (i.e., 
VFSs are positional and position is determined by the number of 
commas), so leading or intermediate commas must be given. 


For example if the Definition File contains: 


A: DEFA 5X, 3V*B#110, 2X, 5V%H#, B#10101 
ee ee” ——— 


field #1 field#2 
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Then if the Assembly File is written as 
TEST3: AA,4 


field#1 will assume the default value 001 (from 3V*B#110) 
while field #2 will be equated to 0100 and right justified in the 5-bit 
field so that field#2 is 00100. 


The complete microinstruction will be 
XXXXX 001 XX 00100 10101 

If the comma were omitted and 
TEST4: AA4 


were written, the assembler would try to use 4 as the VFS for 
field #1. Two errors are present. The 4 is not a binary number as 
required for field #1, and no value is indicated for field #2. Field 
#2 had no explicit default value, and no VFS is given which is an 
error. The indicated error would be “illegal character,” since the 4 
is assumed to go with field #1 which requires binary digits. 


If, however, the user wishes to input field#1 as an octal 4 and 
field#2 as zero, he could write: 
TESTS: AAQ#4,0 


which yields the microinstruction 


XXXXX 011 XX 00000 10101 
——— ———— 
octal 4 hex 0 
inverted right- 
justified 


In short, when forming the microword definition, if a leading or 
intermediate variable field is to assume a default value but a 
trailing field requires a VFS, each field to be skipped must be 
represented by a comma. 


This is best explained by an example. Assume a format ADE with 
three variable fields, each having a default value of zero specified 
in the Definition File: 


ADE: DEFA 3VB#000, 3VB#000, 3VB#000 


The following example illustrates fields which assume their de- 
fault values and fields which are given override or substitute 
values. 


Resultant 
Microword 
Definition 


000 000 010 


Instruction 


TEST6: ADEA,,010 
or 


Meaning 






Fields 1 and 2 assume 
their default values, 















TEST7: ADEA, Q#2 000 000 010 field 3 contains 010. 
TEST8:ADEAQ #4,,B#101 100 000 101 Field 2 assumes its 
default value, field 1 
is 100, field 3 is 101. 
TEST9: ADEA011 011 000 000 Fields 2 and 3 assume 


their default values, 
field 1 is 011. 


If the variable field substitutions contain modifiers, using the 
Definition File statement: 


ADE: DEFA 3VB#000, 3VB#000, 3VB#000 


the Assembly File statements for the previous example could 
be written: 


Resultant 
Microword 
Definition 


Instruction Meaning 


TEST10:ADEA,,101* 


000 000 010 


Fields 1 and 2 assume 
their default values. 
Field 3 is 101 inverted. 


Field 1 is hex 4 (binary) 
0100) truncated to 100. 
Fields 2 and 3 assume 
their default values. 


TEST11:ADEAH#4: 100 000 000 





The variable fields may contain attributes in the Definition File 
such as: 


ADE: DEFA 3V:H#¥0 ,3VeB#000, 3V%B#000 


The Assembly File Statements written below now generate: 


Resultant 
Microword 
Definition 


Instruction Meaning 


Field 1 assumes its 
default value 000. 
Field 2 assumes its 
default value 111. 
(000 inverted). Field 
3 is inverted to 10 
then right justified 
to be 010. 


Field 1 is hex 9 
truncated to 001. Field 
2 is octal 3 inverted to 
100, then inverted by 
field#2 attribute (*) to 
011. Field 3 is binary 1 
right justified to 001. 


TEST12:ADEA,,01* 000 111 010 


TEST13:ADEA9, Q#3*,1 


001 011 001 





FITTING VARIABLE SUBSTITUTES 
TO VARIABLE FIELDS 


Any value given as a Variable Field Substitute (VFS) must con- 
tain exactly the number of bits specified (in the Definition File) for 
the total length of the variable field unless the modifiers % (right 
justification), : (truncation), or $ (paged addressing) are given. 


These modifiers may be supplied as attributes with the original 
field definition (Definition File) or they may be supplied with the 
field substitution value in the Assembly File. 


PAGED AND RELATIVE ADDRESSING 


$ is used in two ways in the Assembly File: 

a) To indicate that the current value of the program counter is the 
value to be substituted into this field. This is called relative 
addressing. 

b) As an attribute to indicate that the value substituted for this 
field must be on the same memory “page” as the microword 
into which it is substituted. This is called paged addressing. 


For relative addressing, the $ alone or as part of an expression is 
used as a VFS. 
For paged addressing, the $ may be given as an attribute of this 


variable field in the Definition File, or the $ may immediately follow 
the VFS in the Assembly File source statement. 


For example, if the Definition File contains 


JSR:DEFA8X,8V$, H#¥ 27, 12VH# 
JSB:DEFA8V%D#, 8X, 8Q#013:, 12X 


the Assembly File could be written 


Line # 
1 JSR A BEGIN,OBC 
2 JSB A MULT$+5 
3 JSR A MULT, BEGINS 
4 JSB A H#37 
5 JSB A $+5 
BEGIN: ADD 
MULT: MPY 


Lines 1-3 are examples of $ used for paged addressing. In 
Line 1, the value of the program counter (where BEGIN: ap- 
pears) is substituted into the first variable field of the format 
JSR. This value is truncated on the left, if necessary, to fit in- 
to this 8-bit field, and any truncated left bits must be identical to 
the corresponding bits of the program counter associated with 
Line 1. 


The same type of substitution, truncation, etc. occurs for Lines 2 
and 3. 


Note that: 


e The JSBon line 2 needs a §$ after MULT if paged addressing 
is desired since no $ was given with that variable field in the 
Definition File. 

e@ For expressions such as line 5, the constant (5) is added to the 
value of the label (MULT) before the check is made to ensure 
that the value substituted is still on the correct “page”. 

e@ The JSR on line 1 needs no §$ with the BEGIN since that 
variable field contained a $ in the Definition File. 

@ The JSR on line 3 requires a $ after BEGIN since the second 
variable field did not contain a $ in the Definition File. 

@ On line 2 a label with a $ may be part of an expression. 


Line 5 is an example of retative addressing. The current value of 
the program counter plus 5 will be substituted for the variable 
field. 


Note that: 


@ There is no connection between the $ used for paged ad- 
dressing — as an attribute for a variable field — and the $ 
used as a variable field substitute to indicate use of the 
current value of the program counter (relative addressing). 


HEXADECIMAL ATTRIBUTE 


The designator H#, if given with a variable field in the Definition 
File, is a permanent attribute but may need to be repeated in the 
Assembly File. This is necessary since the program cannot dis- 
tinguish a hexadecimal value which begins with an A through F 
from a label or format name. 
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Thus, if the Definition File contains 
AM2901 :DEFA8V%H#,Q#0,21X 

and the Assembly File statement contains 
AM2901A3A 


it is clear to the program that the digits 3A are to be substi- 
tuted into the variable field. (A label or name cannot begin 
with a numeral). 


However, the statement: 


AM2901AAB 


does not clearly indicate whether the constant name AB is meant, 
or the value of the hexadecimal! digits AB is meant. If the pro- 
grammer wishes the hex value AB, he must write: 


AM2901AH#AB 


The statement AM2901AAB will substitute the value of the 
constant named AB in the first variable field. If there is no 
constant named AB, an error will be generated. 


ASSEMBLER SYMBOL TABLE 


The symbol table contains a list of all the symbols (constant 
names) defined by EQUs and all labels in the Assembly File. 
The symbol table also includes all the constant names and 
their associated values defined using EQUs in the Definition 
File. 


For each symbol, the table lists the label and the program 
counter value of the statement where the label is defined, or if the 
symbol is a constant name (defined by EQU), it is followed by the 
value of the constant. 


A symbol table is useful when errors occur due to misspelling or 
the omission of the colon after a label. 


A sample symbol table is: 


SYMBOLS 
A 0001 
S 0023 
X 0000 


Printing of the Symbol Table is optional and is described in the 
SYMBOL and NOSYMBOL section of Table 4-1. 


ASSEMBLER ENTRY POINT TABLE 


The entry point table contains a list of all the entry point symbols 
(labels followed by ::) and their associated program counters. 
These values are useful for mapping PROMs. 


Printing of the entry point table is optional and is described in the 
MAP and NOMAP section of Table 4-1. 


ASSEMBLY FILE — RESERVED WORDS 


The following are reserved words used by the assembler pro- 
gram during the Assembly Phase. These words MAY NOT BE 
USED AS LABELS in the Assembly File statements: 


ALIGN NOLIST 
EJECT ORG 
END RES 

FF SPACE 
LIST TITLE 


Format names or constant names from the Definition File. 
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CHAPTER IV 
AMDASM/80 EXECUTION 


After the user has created his Definition File and Assembly File 
using the MDS Text Editor, he is ready to execute AMDASM/80. 
After the ISIS© operating system has issued a user prompt (i.e., a 
“—" character) the microassembler is executed by entering the 
command: 


—AMDASMA PHASEn(filename) A { options } 


PHASE1 (filename) specifies execution of the Definition Phase 
using (filename) for the definition source file. 


PHASE2 (filename) specifies execution of the Assembly Phase 
using (filename) as the assembly source file. 


PHASE1 (filename) PHASE2 (filename) specifies execution of 
both the Definition and Assembly Phases. 


Thus 


—AMDASMA PHASE 1(:F1:DEFN) specifies execution of only 
the Definition Phase using the file (on drive 1) called DEFN. 
or 

~AMDASMA PHASE1(:F1:DEFN) PHASE2(:F1:ASMSRC) 


specifies execution of the Definition and Assembly Phases using 
the files (on drive 1) DEFN as the definition source file and 
ASMSRC as the assembly source file. 


Either PHASE10r PHASE2 or both must be specified following 
AMDASMA. P1 and P2 are the alternate options used for 
PHASE1 and PHASE2, respectively. 


The user then enters the desired options. Options and their 
default values are shown in Table 4-1. The full option may be 
typed (OBJECT) but only the alternate option (O) need be typed. 


Table 4-1 AMDASM/80 Options 


ALTERNATE 
OPTION OPTION DEFAULT 


DEF (filename) 


MEANING 


Specifies the name of the file where output of the 
Definition Phase is to be stored. When only 
PHASE2 is executed, this specifies the input 


(AMDASM.DEF) 


LIST (filename) 
(AMDASM.LST) 


OBJECT (filename) oO 


(AMDASM.OBJ) 


file which contains the processed definitions. If no 
DEF (filename) is given, the default name AMDASM.DEF 
will be used. 


Specifies where the Definition and Assembly output 

is to go. (:LP:) for the filename causes the output 

to be listed on the line printer. If no LIST (filename) 

is given, the output goes to the file with the default name 


(AMDASM.LST) 


Suppresses listing of assembly source code. 


Specifies that the microcode (object code) is to be 
output on a file with the name (filename). 

If not given, the microcode is placed on a file 

with the default name AMDASM.OBJ. 





Suppresses placement of the microcode onto a file. 
If block format printing is requested, the object code 
printing is also suppressed. 








Specifies inter-leaved listing format. 


Specifies blocked listing format 





Specifies source-only listing format 





Specifies object-only listing format 











Specifies width n, (a decimal number) in 
characters of listing device. 








NOOBJECT NO 
INTER IL 
BLOCK 

OBJONLY OB 

WIDTH (n) Ww n=72 
LINES (n) LN n=66 
MAP M 

. MAP 
NOMAP NM 

SYMBOL 


Specifies number n, (a decima! number) of lines per page. 
If not specified, default is 66 lines (11 inches). 








Specifies listing of entry point symbols (i.e., label symbols 
designated as entry points by double colons “::”) 


Suppresses listing of entry point symbols 
If not specified, defaults to MAP 


Specifies listing of location counter in hexadecimal format 


Specifies listing of location counter in octal format. 
If not specified defaults to HEX. 


Specifies listing of constant names and labels and their 
associated values. 


Supresses listing of Symbol table. 
If not specified, defaults to SYMBOL. 
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In the option table (Table 4-1), filename must be an ISIS filename 
of the form: 


:device:name.ext 


where: :device: is optional and is :FO:, :F1:, :F2:, or :F3: to indi- 
cate the drive on which the diskette is mounted. 
lf omitted, :FO: is assumed. 


name __ is from 1 to 6 uppercase letters or digits and is 
required. 
ext is a period followed by 1 to 3 uppercase letters 


or digits and is optional. 


Options need to be separated by at least one blank character 
from other options in the command. If an option ends with ), the 
blank space is not needed. 


Whenever a user does not specify an option in his execution 
command AMDASM will use the default given in the preceding 
table. 


The command language for executing AMDASM is best illus- 
trated with examples: 


—AMDASMAP1 (DEFN.SRC)P2(MUCODE.SRC) 
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specifies execution of both PHASE 1 and PHASE 2 using 
DEFN.SRC as the input file for PHASE 1 and MUCODE.SRC for 
PHASE 2. Defaults are selected for all other options. 


—-AMDASMAPHASE1 (DEFN.SRC) DEF (AM9080.DEF) 


specifies execution of PHASE 1 with DEFN.SRC as the input 
source file and AM9080.DEF as the definition table output file. 


—AMDASMAPHASE2 (MUCODE.SRC) DEF(AM9080.DEF) 
INTERANOSYMBOL 


specifies execution of PHASE 2 with MUCODE.SRC as the input 
source file and AM9080.DEF as the definition table input file, 
interleaved listing format, a list of entry point symbols, and no 
symbol table listing. 


The interleaved format prints a line of source code followed by a 
line of object code. 


The block format prints all lines of source code, then all lines of 
object code. 


The source-only format prints only the source code. 


The object-only format prints only the object code. 
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CHAPTER V 


SAMPLE OF AMDASM PROCESSING 


The capabilities of AMDASM/80 can be demonstrated by micro- 
programming one of the exercises from the Am2900 Learning 
and Evaluation Kit. This kit provides a simple but complete exam- 
ple of a microprogrammed system. 


The architecture of the kit is shown in Figure 5-1. The dashed 
lines outline the two LS! components, the Am2909 microprogram 
sequencer and the Am2901 four-bit slice microprocessor. Each 
microinstruction in the microprogram memory consists of 32 bits 


INSTRUCTION 


a 


|Am2909 
A1234 


divided into fields to control the sequencer, branch address, shift 
multiplexers, and all the inputs to the Am2901. The fields and 
their functions are defined in Figure 5-2. 


The first step in using AMDASM/80 is the creation of a set of 
definitions which reflect the hardware on which the microprogram 
will run. The statements in Figure 5-3 completely define, mne- 
monically, the fields in the kit. Thatis, they implement exactly the 
fields and their functions for the microprocessor architecture 
defined in Figure 5-1, and so may be used in writing all micropro- 
grams that are to operate in this architecture. Figure 5-4 shows a 
flow chart of the program to be written. Figure 5-5 is the AMDASM 
output in Block format. 


ae 


MUX 
| 


2) | cet 
LO | 


16x4 
A 
RAM 


B 
A B 


STATUS 
REG 


CONDITION 
CODE MUX 
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Figure 5-1. Am2900 Learning and Evaluation Kit Architecture 
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co-v 





RAM & MUX 

SELECT 
RAM 
ety 29 |} 28 | 27] 26 | 25 | 24 22 20 17 15 13] 12 7 
NUMBER 









BIT 
DEFINITION 





















DESTINATION 
CONTROL 


SOURCE 
SELECT 


FIELD 
DEFINITION 


BRANCH 
ADDRESS 





[frome fe] 
efre [a 
fee Tr 
[a [rave ome [r 
pe arse woo [| 


BRANCH REGISTER IF F #0 
BRANCH REGISTER 
CONTINUE 
BRANCH MAP (D SWITCHES) 
JUMP-TO-SUBROUTINE IF F #0 
JUMP-TO-SUBROUTINE 
RETURN-FROM-SUBROUTINE 

































wi] xi} 2] x 2 
<<] >] >I < + 
unlulola ” 








> eo] 
fe0] n 









FILE REFERENCE iain 
END LOOP AND POP IF F = 0 

PUSH (AND CONTINUE} 

POP (AND CONTINUE) TYPE DOWN* upee 












END LOOP AND POP IFC, 44 
BRANCH REGISTER IF F =0 
BRANCH REGISTER IF Fg 
BRANCH REGISTER IF OVR 
BRANCH REGISTER IFC, 44 


0+ RAMg 0>Qp 


RAM3—+>RAMy Q3-+Qp 





RAM3>Q 9 =—-Q3-+RAMo 


ROTATE DOUBLE RAMg> O03 Qo RAM3 
ARITHMETIC DOUBLE F3 (Sign}> RAM3 RAMg>Q3 


Q3-+ RAMg o7- Qo 
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Figure 5-2. Example of Fields and Functions 
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TITLE AM2900 KIT DEFINITIONS 


WORD 32 
"REGISTER DEFINITIONS 


EQU H#0 
EQU H#1 
EQU H¥2 
EQU H#3 
EQU H#4 
EQU H#5 
EQU H#6 
EQU H#7 
EQU H#8 

; EQU H#9 
; EQU H#A 
: EQU H#B 
: EQU HC 
; EQU H#D 
: EQU H¥E 
R15: EQU H#F 


"AM2901 SOURCE OPERANDS (R S) 


AQ: EQU Q#0 
AB: EQU Q#1 
ZQ: EQU Q#2 
ZB: EQU Q#3 
ZA: EQU Q#4 
DA: EQU Q#5 
0Q: EQU O#6 
02: EQU #7 


"AM2901 ALU FUNCTIONS (R FUNCTION S) 
AOD: 


SUBR: 
SUBS: 


EQu Q#0 
EQU Q#1 
EQU Q#2 
OR: EQU Q#3 
AND: EQU Q#4 
NOTRS: EQU Q#5 
EXOR: EQU Q#6 
EXNOR: EQU #7 


[AM2901 DESTINATION CONTROL 


QREG: EQU Q#0 
NOP: EQU Q#1 
RAMA: EQU Q#2 
RAMF: EQU 0#3 
RAMQD: EQU 0#4 
RAMD: EQU Q#5 
RAMQU: EQU Q#6 
RAMU: EQU Q#7 


“SHIFT MATRIX CONTROL 


SHIFT: DEF 8X,.B#0,3X,B#0,19X 
ROTATE: DEF 8X,B#0,3X,B#1,19X 
DBLROT: DEF 8X,8#1,3X,B#0,19X 
ARITH: DEF 8X,B#1,3X,B#1,19X 


EQU H#1 ;BRANCH REGISTER 
EQU H#2 CONTINUE 
EQU H#3 ;BRANCH MAP 


== 


NEXT MICROINSTRUCTION ADDRESS SELECT 
BRFNO: 


EQU H#0 ;BRANCH REGISTER IF F NOT EQUAL TO ZERO 


EQU H#4 JUMP-TO-SUBROUTINE IF F NOT EQUAL TO ZERO 


EQU H#5 ;JUMP-TO-SUBROUTINE 

EQU H#6 ;RETURN FROM SUBROUTINE 
EQU H#7 ;FILE REFERENCE 

EQU H#8 ;END LOOP AND POP IF F=0 
EQU H#9 ;PUSH AND CONTINUE 

EQU H#A ;POP AND CONTINUE 

EQU H#B END LOOP AND POP IF CN+4 
EQU H#C ;BRANCH REGISTER IF F=0 
EQU H#D ;BRANCH REGISTER IF F3 
EQU H#E ;BRANCH REGISTER IF OVR 
EQU H#F ;BRANCH REGISTER IF CN+4 


POP: 
LOOPCOUT: 
BRFEQO: 
BRF3: 
BROVR: 
BRCOUT: 


“OTHER STUFF 


CNO: 
CN1: 


EQU B#0 
EQU B#1 
LOW: EQU B#0 
HIGH: EQU B#1 
ZERO: EQU B¥0 
ONE: EQU 8#1 


AM2901: DEF 9X,3VQ#1,1X,3VX, 1VX,3VX, 4VX,4VX,4X 
AM2909: DEF 4VX,4VH#2,24X 
OIN: DEF 28X,4VH# 


ENO 


Figure 5-3. Definition File 
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"RO" to “R15” are set to hex 0 to F 

using the ‘‘equate’’ statement. The ‘‘H#’’ 
designator means the numbers following 
are in hex, and each digit represents 4 bits. 


ALU Source operands are assigned 
octal values using the ‘‘equate’’. The 
“Q#"' designates octal, 3 bits, per digit. 


The 8 ALU functions of the AM2901 are 
given names. 


Defines the two separated bits which 
contro! the left-right shift multiplexers. 
The ‘‘x’s’’ are ‘‘don’t-care’’ bits in 
between the defined bits. 


Definitions for the sequence control 
instructions used in the second field 
of the microinstruction. 


Format definitions are made for the ALU 
fields, the sequence control fields, and the 
data input. Formats contain don’t cares (x) 
and variables (v). Each variable can have a 
default value. For example, in AM2909, the 
second four-bit variable defaults to hex 2, 
and the first four-bit variable defaults to x. 





ve-v 


noo AN2909 & AM2901 AMF, DZ,,0R,,RO & DIN HAF 
0001 AM2909 8 AM2901 RANE, DZ,,OR,,R1 & DIN 9 
0002 AM2909 & AM2901 AMF, DZ,,OR,,R2 & DIN @ 
1 ae 0003 AM2909 & AM2901 RAM, DZ,,0R,,R4 & DIN 4 

0004 AM2909 8 AM2901 RAMF, ZB,,AND,,R3 
0005 AS: AM2909 8 AM2901  ,DA,,AND,RO,RO & DIN 1 
2006 AM2909 A14,JSRFNO & AM2901 RAMD, ZB,,OR,,RO 
0007 AN2909 & AM2901 ,DA,,AND,R1,R1 & DIN 1 
2008 AM29B9 A14,JSRFND & AM2901 RAMD, ZB,,0R,,R1 
9009 AM2909 & AN2901 ,DA,,AND,R2,R2 & DIN 1 
BOA AN2969 A14,JSRENO & AM2901 RAMD, ZB,,OR,,R2 
2008 AN2909  AM2901 RAMF, ZB, CNO,SUBR,,R4 

- p00C Ai12909 AS,BRFNO & AN2901 

TRo= Fo? goaD AM2909 A15,BR & AN2901 

QOGE A14: AM2909 ,RTS & AM29@1 RAMF, ZB,CNI,ADD, ,R3 

BOOF AIS: AM2909 AIS BR & AN29@1  ,ZB,,0R,,R3 
END 


O09 XXXXOBLOXBL1X111. X811XXXXB0001111 
QOG1 XXXXBO1BXB11X111 XO11XXXX80011001 

Ep @OG2 XXXXBBLOXOLIX111 XB11XXXx00100000 
QG03 XXXXAB1BXB11X111 XO11XXXX01900100 

@GO4 XXXXBBLBXBLXOLI XLBBXXXXBBLLXXXX 

GGUS XXXXOO1AXOO1X101 Xioaadooa0000001 

@GO6 11100100X1O1XB11 XB1IXXXXBBBOXXXX 

@907 XXxxad10xe01x101 x100000100010001 

@G08 11180100X101XB11 XB1IXXXXABBLXXXX 

@909 XxXX@010x801%101 x100001000100001 

@GOA 111801B0X101X011 XO11XXXXOB1OXXXX 

QOOB XXXXBD1OXB11KO11 B0B1XXXXBLBBXXXX 

@GUC B1B1OGBAXODIXXXX. XXXXXXKXXXXKIKXK 

@GAD 111 1BBB1XBBIXXXX KXXXXKXXXXKIKXKK 

ae GUE XXXXBLLAXB11XO11 1OBBXXXXBBLLXXXX 

a QGOF 11118001 X801KB11 XB11XXXXBBLIXXXX 
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Figure 5-4. Flow Chart of Example Figure 5-5. Assembly Output in Block Format 
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CHAPTER VI 


AMPROM/80 
POST PROCESSING 


When auser has completed an AMDASM assembly, he may wish 
to output his binary object code in a form which corresponds with 
his PROMs'’ organization and/or he may wish to punch the object 
code from his program onto paper tapes to be used as input toa 
PROM burner. 


In order to understand post processing one must know how the 
PROMs are organized in the computer memory space. 


PROM ORGANIZATION 


If AMDASM/80 has been executed using the command 


—AMDASMAP1(DEF)P2(ASM)O(PRMOUT)L(:LP:) 


AMDASM generates binary object code for the executable 
statements in the file named ASM. 


This binary object code is output to a file called PRMOUT. 


For our example we shall assume that the microword is 48 bits 
wide and the number of executable statements is 1024. 


This gives us a matrix 48 wide by 1024 deep as shown in Figure 
6-1. 


Bit No. 12GB qd eeee cove cccveceseeseesese 48 


Executable 1 
Instruction 2 
Number 3 

4 


1024 


Figure 6-1. Bit Matrix 


After PROM width and depth are specified, the Bit Matrix is 
subdivided to yield a PROM Map where each PROM isn bits wide 
by m bits deep. If we assume that the program origin is zero for 
our example, the actual PROM MAP printed might appear as 
shown in Figure 6-2. 
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PC represents the initial program counter value for that PROM 
row. The PC value is given in hexadecimal. 





Figure 6-2. Sample PROM MAP. 


For the example, PROMs shall be organized as shown in Figure 
6-3. 


Each executable instruction naturally has a program counter 
associated with it by virtue of its position in the program and/or the 
origin(s) that were set during the assembly execution. 


This breakup of the matrix is now called a PROM map which has 
associated with it, not only the PROMs shown, but rows and 
columns as shown in Figure 6-3. Thus, we may now refer to 
PROM 19 by using the digits 19, or by referencing R3 for Row 3 
and C5 for Column 5. 


As shown in Figure 6-4, all PROMs in Row 1 are 256 (instruc- 
tions) deep, but PROMs 1, 3, 5, and 6 are only 4 bits wide, while 
PROMs 2 and 7 are 8 bits wide and PROM 4 is 16 bits wide. 


In Row 2, all PROMs are 512 (instructions) deep and PROMs 8, 
10, 12 and 13 are 4 bits wide, PROMs 9 and 14 are 8 bits wide and 
PROM 11 is 16 bits wide. 


Rows 3 and 4 are each 128 (instructions) deep; PROMs 45, 22, 
17, 24, 19, 26, 20, and 27 are 4 bits wide; PROMs 16, 23, 21, and 
28 are 8 bits wide; and PROMs 18 and 25 are 16 bits wide. 


If the user requests printing (or punching) of PROM #1 he will 
obtain data that is 4 by 256. 


If the user requests printing of Row 3, he will obtain data (i.e., the 
contents of PROMs 15 through 21) in the following form: 


4X 128, 8 X 128, 4 X 128, 16 X 128, 4 X 128, 4 X 128, 8 X 128 


If the user requests printing of Column 4 he will obtain data (i.e., 
the contents of PROMs 4, 11, 18, and 25) that is: 


16 X 256, 16 X 512, 16 X 128, 16 X 128 
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Figure 6-3. PROM MAP 
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Figure 6-4. Organization of PROMs 
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POST PROCESSING FEATURES 
AMPROM/80 allows the user to specify: 


e@ The depth (number of instructions) and width (bits of the 
microword) for each PROM. 

Listing or suppression of listing of the PROM MAP. 

The PROMs to be punched or not punched on paper tape in 
BNPF or hexadecimal format. 

Listing or suppression of listing of PROM contents. 

Listing of the PROM contents by PROM rows or PROM 
columns or by PROM number. 

Optional automatic inversion of all bits except the “don’t care” 
bits. 

Specification of “don't care” bits to be 0 or 1. 


EXECUTION OF AMPROM 


To execute AMPROM the general form of the command is: 
—AMPROM { Aoption} 


To illustrate execution of AMPROM, the command 
—-AMPROMA PUNCH (:HP:)A LIST (:LP:) HEX 
specifies the PROM MAP is to be printed, the content of the 


PROMs is to be printed, and the content of the PROMs is to be 
punched in hexadecimal. 


However, 
-~AMPROMA NOLISTA NOMAPA PUNCH (:HP:) 


specifies that the content of PROMs is to be punched with no 
listing of the PROM MAP or PROM content. 


Both examples assume the AMPROM input (AMDASM output) is 
on the default file named AMDASM.OB4J. 


Note that each option specified is preceded by a space, the 
options may be given in any order, and the full option name or the 
alternate name may be used. 


Table 6-1 
AMPROM/80 Options 


OPTION 
MAP 


NOMAP 


HEX 
BNPF 


INVERT 


OBJECT (filename) 


PUNCH (filename) 


NOPUNCH 


LIST (filename) L 


ABBREVIATED 
a DEFAULT 


——_ 
oz — 


(AMPROM.LST) 


NOLIST 
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MEANING 
Print the PROM map. 


Suppress printing the PROM map. If NOMAP is not 
specified, the program automatically prints 
the PROM map. 


Punch the PROM output in hexadecimal format. 


Punch the PROM output in BNPF format. If BNPF 
is not specified the output is automatically 
punched in hexadecimal 


If INVERT is specified, all ones are inverted to zeros, 
and zeros to ones, except for bits specified 

as “don’t cares”. If INVERT is not specified there 

is no modification of the binary object code. 


Specifies the name of the file on which the AMDASM 
object code is located. If not specified, a 
default file named AMDASM.OB\J is assumed. 


Specifies the name of the file or device where 
punch data is to be output. If not specified 

the output goes to the file with the default name 
AMPROM.OUT. 


Suppresses punching the PROM contents. 
If not specified, defaults to PUNCH. 


Specifies the name of the output file or device 
where the AMPROM output listing is to be 
placed. If not specified, the output automatically 
goes to the default file named AMPROM.LST. 


Specifies that the output is not to be listed. 

This would be used when only punching of the output 
is desired. If not specified the program 

defaults to LIST using the default filename 
AMPROM.LST. 


AMPROM FILENAMES 


As part of -AMPROMA { options} the user may need to specify 
filename information. Whether filename information is needed 
will depend on whether or not he specified a filename for the 
binary output when AMDASM was executed | OBJECT 
(filename) | and whether the user wishes to receive his output ata 
printer, console or punched on paper tape. 


Possible options are shown in Table 6-1. 


The OBJECT (filename), PUNCH (filename) and LIST (filename) 
must each be preceded by a blank and may be specified in any 
order. The filename may be any ISIS© device. 


If, for example, the user executed AMDASM with the command: 
~AMDASMA PHASE1 (DEF) PHASE2 (ASM) OBJECT (PRMOUT) 


the binary object code is stored on a file called PRMOUT. 


In this case when executing AMPROM, PRMOUT must be given 
as the input filename. 


—AMPROMA OBJECT (PRMOUT) 


and since no LIST or PUNCH is specified, all output will be to the 
default filenames. 


If the user executes AMDASM with the command 
—AMDASMA PHASE1 (DEF) PHASE2 (ASM) 


the binary object code is output to the default file called AM- 
DASM.OBJ. 


AMPROM assumes the binary object code is stored on a file 
named AMDASM.OBJ if no input filename is given (i.e., the 
AMPROM input default filename is AMDASM.OB4J). Thus, in this 
example, the command 


—AMPROM 


will cause AMPROM to be executed and specifies (by default) 
that the binary object code is to be input from a file named 
AMDASM.OBJ. 


The command 


—AMPROMANOLISTA PUNCH (PRMPNC) OBJECT (PRMDAT) 


specifies that listing of the PROM content is to be suppressed, the 
output for punching a paper tape is to be written on a file called 
PRMPNC, and the input (binary object code) for execution of 
AMPROM is to be from a file called PRMDAT. 
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This assumes the AMDASM output was stored on a file called 
PRMDAT. 


Note that the options may be given in any order desired by the 
user. 


REQUIRED AMPROM INPUT 


Once AMPROM has begun execution the user will be acting 
interactively with the console. He will receive messages from the 
console and will be expected to input responses followed by a 
carriage return. The terminal will print the requested output or a 
message requesting additional input. When execution is com- 
plete, control returns to ISIS®. 


A sample of the console messages is given below. For this 
example, underlined letters are used to illustrate the user’s input. 
Following the example is a table of the substitutes which may be 
used for these letters. 


To begin execution the user has input -AMPROM. The terminal 
responds by printing: 


DON’T CARES? Z. 


For example, 


DON'T CARES? 1 

ENTER PROM WIDTH(S) W. 
For example 

ENTER PROM WIDTHS 428, 4 

ENTER PROM DEPTH(S): D 


For example, 
ENTER PROM DEPTHS 128 


If a MAP listing at the output device is requested the PROM map 
is output here. Then the console prints 


WHICH PROMS DO YOU WISH TO PRINT? Q> 
For example, 
WHICH PROMS DO YOU WISH TO PRINT? 5-7 


If printing of the PROM content was specified, the PROM content 
is printed here. These same PROMs will be punched unless 
NOPUNCH was specified. The punch device should be turned on 
before keying in the PROMs to be printed and punched. 


When paper tape punching is completed, control is returned to 
ISIS®. 
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INPUT SUBSTITUTES 
When the terminal requests information the substitutes permitted are shown in Table 6-2. 


Table 6-2. 
AMPROM Input Substitutes 


Console 
Prompt Substitutes Meaning 


DON'T CARES? The value specified here is assigned to all “don’t care” bits inthe 
PROM(s). Any value except 0 or 1 is an error and the prompt is repeated. 


ENTER PROM n is a decimal integer and each PROM is n bits wide. If the 
WIDTHS microword size is 60 and n is given as 8, 8 PROMs will 
be generated. The first seven will contain actual 
microword information but the 8th PROM wiil contain 
microword information in its leftmost 4 bits and “don’t cares” in 
the 4 right-hand bits. (i.e., if the microword width is not 
an even multiple of n, it is padded on the right with “don’t cares”). 


| is a decimal integer indicating a number of PROMs. 
b is a decimal integer indicating the number of bits wide 
each of these PROMs should be 


Thus, 3 * 4 means there are 3 PROMS each 4 bits wide. 


Combinations For the PROM MAP (Figure 6-4), the user would write 
of n and 4, 8, 4, 16, 2*4, 8. 
I*b 


Any combination of n and I*b is permissible if separated 
by commas and if the total number of bits is greater than 
or equal to the microword width. 


ENTER PROM 
DEPTHS 


ris a decimal integer and each PROM is r instructions 
deep (long). If the binary object code is not an even multiple 
of r, AMPROM fills the final PROM locations with “don't cares”. 


t is a decimal integer indicating a number of PROMs. 
d is a decimal integer indicating how many words deep 
each of these PROMs is to be. Thus 2 * 512 indicates 
there are 2 PROMs each 512 bits deep. 


Combinations For the PROM MAP in Figure 6-4, the user would 
of r and write 256, 512, 2*128. 





ted 


Any combination of r and t*d is permissible if separated 
by commas. 


WHICH PROMS Y is a decimal integer which is a PROM number. 5 means 
DO YOU WISH list the contents of PROM #5. 
TO PRINT« #« 
Y Y; is a decimal integer specifying the number of the first 
PROM to be listed. Y,, is a decimal integer specifying the 
last PROM to be listed. Thus, 2-5 specifies listing of 
PROMs 2, 3, 4 and 5. 


Y 
Yn 
Combinations of 3, 5-7, 9 means print (and punch) PROMs 3, 5, 6, 7 and 9. All 
Y and Y;-Y, combinations of Y and Y;-Y, are acceptable if separated by commas. 
Cs 


C means column and s is a decimal integer which 
specifies the PROM column desired. C4 means print 
all PROMs in column 4. 

Cs1-S, Print columns sj, through s,. C1-6 indicates print 
PROM columns 1 through 6. 


Combinations of C5, 7-9, 11 means print columns 5, 7, 8, 9, 11. 
Cs, $4-S, C3-6, 10 means print columns 3, 4, 5, 6, 10 (i.e., C is 
only given once, then the s and/or s;-s, separated by commas). 





R means row and s is a decimal integer which 
specifies the row desired. R1 means print all 
PROMs in row 1. 


List the contents of PROM rows sj, through s,. 
R2-6 means print all PROMs in rows 2 through row 6. 





Combinations of The same as columns. The R is given once, followed by 
Rs, S1-Sp, the row numbers separated by commas. 


R1, 4-6, 11-13 prints rows 1, 4, 5, 6, 11, 12, 13. 


The letter N is typed if the user wishes to indicate 
none of the PROM contents are to be listed 





The letter A when typed means all PROMs are to be printed. 


kak 


The same PROMs are printed and/or punched. Thus, all values for printing apply for punching also. 
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BNPF PAPER TAPE OPTION 


When BNPF is specified as an option, the tape is punched in the 
BNPF format. B is punched as the first character, then a P (fora 
one) or an N (for a zero) is punched for each bit in the width of this 
PROM, then an F is punched as the last character for this row of 
PROM data. This continues until all rows (the depth) of the PROM 
are punched. 


Before the first BNPF for each PROM is punched, the program 
punches identification on the tape which consists of: 


@ 32 Rubouts 

e 4 ASCII characters which are the PROM number 

@ 32 NULs to be used as the leader when loading the PROM 
burner tape reader 


After the PROM data is punched, 40 NULS are punched to 
facilitate tape handling. 


For example, if PROM#5 is 4 bits wide by 128 bits deep, and 
begins at origin zero, the paper tape will appear as shown in 
Table 6-3. 


Table 6-3 
BNPF Paper Tape Contents 









Tape Contents Content Explanation 
















Rubout, 

. 32 Rubouts 
Rubout32 
Characters 0005 PROM number 
NUL, 

: 32 NULSs 
NUL3 


Character B 
Character N or P 
Character N or P 
Character N or P 
Character N or P 
Character F 
Space 

Character B 
Character N or P 


BPNF format for one 
row of this 4-bit wide 
PROM 


*See Note 
Repeated 127 times 


| 


40 trailing NULs 


*Note: Carriage return/line feed for possible listings is inserted after 8 
words for PROMs 4 or less bits wide, after 4 words for widths of 16 or less 
bits, and aftor one word for widths greater than 16. 
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HEXADECIMAL PAPER TAPE OPTION 


When punching is desired, and HEX is specified or assumed by 
default, the PROM contents are punched in the DATA I/O 
hexadecimal format. 


The same initial data (32 Rubouts, PROM number and 32 NULs) 
is punched as is punched for the BNPF format, followed by the 
PROM contents in hexadecimal. 


For PROMs 4 or less bits wide, one hexadecimal character and a 
space is punched. For PROMs greater than 4 bits wide, two 
hexadecimal characters and a space are punched. Thus two 
characters, space, two characters, space would be punched for 
either 2 rows of an 8-bit PROM, or for 1 row of a 16-bit wide 
PROM. 


Thus if PROM #7 (16 bits x 128 words) is punched, the output will 
be: 


Table 6-4 
Hexadecimal Paper Tape Contents 




















Tape Contents Content Explanation 





Rubout ; 


32 Rubouts 


Rubout 30 
Characters 0007 PROM Number 
NUL , 
é 32 NULs 
NUL 32 
SOH Start of Header 
Character 
Character 
Blank Contents of 
Character PROM Row 1 
Character (4 HEX digits) 
Biank 
Character 
Character Repeated 127 Times 
7 *See Note 
ETX End of Text 
NUL, 





40 NULs 


“Note: A carriage return/line feed for possible listings is inserted after 16 
groups of hexadecimal characters. 
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EXAMPLE OF AMPROM 


Figure 6-5 is an example of AMPROM/80 for the AMD 2900 Learning & Evaluation Kit. 


CONSOLE INPUT 

DON’T CARES? 

ENTER PROM WIDTH?8 

ENTER PROM DEPTH?16 

WHICH PROMS DO YOU WISH TO PRINT?3-4 


AMPROM OUTPUT 


AMD AMPROM UTILITY 
AM2908 KIT EXERCISE 10B 


PROM MAP 
PC 36Cl C2 iC 
Rl 2000 1 2 3 4 


PROM CONTENTS 


PC ADD P 3 Py 

P0220 202 00110200 02001111 
0621 261 20110000 02011001 
Q202 O02 201100220 02100000 
0203 023 20110020 201000100 
B04 204 01000002 00110200 
2005 O25 81000020 20000201 
0026 206 00110200 020000200 
0207 007 01000001 02010021 
0008 008 20110000 20010000 
0209 O29 010000168 20100021 
QB0A OLA 00110020 80100000 
Q60B OLB 00010000 81000000 
QBOC OBC H0L02L000 80020000 
QO0D OBD BOL00L00 BOLALLOL 
MOLE OBE 10200000 60110000 
QOOF OLF 00110000 00110020 


PUNCH OUTPUT 


3 
BNNPPNNNNF BNNPPNNNNF BNNPPNNNNF BNNPPNNNNF 
BNPNNNNNNF BNPNNNNNNF BNNPPNNNNF BNPNNNNNPF 
BNNPPNNNNF BNPNNNNPNF BNNPPNNNNF BNNNPNNNNF 
BNNNNNANNF BNNNNNNNNF BPNNNNNNNF BNNPPNNNNF 


4 
BNNNNPPPPF BNNNPPNNPF BNNPNNNNNF BNPNNNPNNF 
BNNPPNNNNF BNNANNNNPF BNNNNNNNNF BNNNPNNNPF 
BNNNPNNNNF BNNPNNNNPF BNNPNNNNNF BNPNNNNNNF 
BNNNNNNNNF BHNNNNNNNF BNNPPNNNNF BNNPPNNNNF 





Figure 6-5. AMPROM/80 Output for AMD 2900 Learning Kit. 
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CHAPTER VII 


ERROR MESSAGES AND INTERPRETATIONS 
AMDASM ERRORS 


Each source file input statement is processed until a single 
error is detected. One missing comma between fields, for 
example, would result in incorrect processing of the remainder 
of the statement. 


Thus, the assembler stops when an error is encountered, re- 
cords the error and the statement which caused it, and pro- 
ceeds to process subsequent source input statements. 


AMDASM and AMPROM error messages will have the form 


*** ERROR n {y} 


where n is the error number and y, if present, contains the 
illegal character or symbol. Fatal error messages appear on 
the console output device as well as on the assembly list file. 


Error messages will sometimes seem inappropriate for the 
statement being processed. This occurs because the assem- 
bler is unable to determine the programmer's intent. This is 
often the result of a missing comma (,), semicolon (;), blank 
(A) or colon (:). 


Errors where n is = 100 halt execution. 


It is recommended that the user read the entire error mes- 
sage section. 








ERROR 1 ILLEGAL CHARACTER 








The character which cannot be interpreted is printed and the line 
in which it occurs is also printed. This message may be generated 
by: 


Striking the wrong console key. 

A missing comma or semicolon (B# 101Q#7 is not interpret- 
able). 

A wrong number base used (B#3 or Q#8 cannot be inter- 
preted). 


ERROR 2 UNDEFINED SYMBOL 


This message will most often occur when: 


@ Something is misspelled. 


HERE: EQUA100 
GO.TO: DEFA HEER (the assembler cannot find HEER) 


The # is missing after a B, Q, D, or H. 

The space is missing after definition words DEF, EQU, 
SUB, WORD, TITLE, RES, ORG, ALIGN, FF, SPACE 

A symbo! is referenced before it is defined by a SUB or 
an EQU. 

A VFS for a hexadecimal field begins with the letters A 
through F and the H¥ designator does not precede the let- 
ter. 
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ERROR 3 UNDEFINED FORMAT 


The format name given is misspelled or was not defined in the 
Definition Phase or the required blank was not supplied after the 
format name. 


ERROR 4 DUPLICATE FORMAT 


The name given before a format (DEF) has already been used as 
aname. If names contain more than 8 characters, the first 8 must 
be unique. Check for misspelled names. 


ERROR 5 DUPLICATE LABEL 


This label has been used more than once as aconstant name ora 
label. If the label is more than 8 characters, the first 8 must be 
unique. 


ERROR 6 DUPLICATE SUBDEFINE 


The name given preceding a subformat (SUB) has already been 
used as a name. If names contain more than 8 characters, the 
first 8 must be unique. Check for misspelled names. 


ERROR 7 FORMAT FIELD OVERFLOW 


The user is permitted a maximum of 128 fields per format name 
(DEF). This number has been exceeded. The format must be 
revised and fields must be combined. 


ERROR 8 SUBDEFINE FIELD OVERFLOW 


The user is permitted a maximum of 128 fields per subformat 
name (SUB). This number has been exceeded. Revise the sub- 
format and combine fields or use two subformats for this bit 
pattern. 


ERROR 9 UNDEFINED DIRECTIVE 


No name: was found and the characters given are not TITLE, 
WORD, LIST, NOLIST, END, ORG, RES, SPACE, or ALIGN. 


Check for a missing colon after a name, or misspelling, or blanks 
in TITLE, WORD, etc. 


ERROR 10 ILLEGAL MICROWORD LENGTH 


Each time DEF or FF is encountered, the assembler checks to 
see if the sum of the bits for all fields for this format name exactly 
equals the microword length. 


Thus, the user is assured that each DEF or FF contains an exact 
number of bits. If the number of bits in this format does not 
exactly equal the number of bits given with WORD, the interpre- 
tation of the faulty DEF or FF is bypassed and the assembler 
attempts interpretation of the next source statement. 
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ERROR 11 ILLEGAL FIELD LENGTH 


No field, except a “don't care” field, may be more than 16 bits in 
length. The value calculated for this field cannot be represented 
in 16 bits. 


ERROR 12 DON'T CARE FIELD TOO LONG. 


The explicit length given for a “don’t care” field exceeds the 
microword length specified by WORD. Improper digits may have 
been assumed for the explicit length due to a missing comma or 
designator. 


ERROR 13. ARITHMETIC OPERATION ON FIXED FIELD. 


If a field is defined as a variable field in the Definition File, an 
expression cannot be used as a VFS in the Assembly File unless 
the field contained the % attribute in its definition. 


ERROR 14 ATTRIBUTE ERROR 


Both the negative (—) sign and inversion (*) have been assigned 
to a single variable or constant. This is not permitted. 4V— + or 
4B#1011*— are meaningless. 


ERROR 15 (Not used) 


ERROR 16 MISSING END STATEMENT 


The Definition or Assembly File is missing the END statement. 


ERROR 17 ILLEGAL SYMBOL 


A character other than A through Z, digits 0 through 9, or period 
was used inaname, oracomma may be missing between fields. 


ERROR 18 OVERLAY ERROR 





This message is given when two formats are overlayed and both 
of them contain constants for the same bit position. If the assem- 
bler is run using each of the formats in the overlay statement as a 
separate format, and the output is printed in block form, the 
erroneous bits are easily detected. 


For example if the Definition File statements are: 


A: DEFA4X,B#1011 
B: DEFAB#01111,3X 


and the Assembly File statement is 
A&B 


the overlay error message occurs. 
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Rerun the Assembly File with source statements given as 
A 
B 


and block output requested which generates 
XXXX |1] 011 
0111 =|1] XXX 
1 
It can easily be seen that mie causing the overlay error. The 


improper DEF can then be corrected and the overlay A & Bcan be 
used in the Assembly File statement. 


ERROR 19 NO DEFAULT VALUE 


A format name was defined with a variable field in the Definition 
File. Since no default value was given in the definition, a variable 
field substitute must be supplied for this field when the format 
name is used in the Assembly File. Check for missing commas. 


ERROR 20 FIELD LENGTH CONFLICT 


The calculated or implicit field length for the constant or expres- 
sion given after the designator does not have the same number of 
bits as the explicit field length. Check for a missing % or :, ora 
comma missing after the previous field. 


This message may be output when commas are left out. For 
example, 
8H#A39Q #274 


is missing the comma between 3 and 9. Thus the program as- 
sumes A339 is to be substituted into the 8-bit hexadecimal field. 


Similarly, 
8H#A3, 9Q27, 4 


will generate this error message since the comma between the 7 
and the 4 is misplaced. 


ERROR 21 $ SPECIFIED FOR NON-ADDRESS FIELD 


In order to use the value of the program counter (indicated with a 
$) as a VFS, that field must contain the % attribute. 


ERROR 22 (Not used) 


ERROR 23 MISSING DESIGNATOR 


A field has been encountered which contains only decimal num- 
bers. This is not permitted for a field in a DEF, SUB or FF. Decimal 
numbers must be input as, n D# digits, where n is the explicit 
length of the field and digits are the decimal integers which 
generate the desired bit pattern or field value. 


ERROR 24 SPACE DIRECTIVE ERROR 


The value input following SPACE is interpreted as less than zero 
or greater than the number of lines given per page. 


ERROR 25 ORG SET TO LESS THAN CURRENT PC 





When ORG is encountered, the value given is compared with the 
current program (location) counter. If ORG is less than the pro- 
gram counter, the value given with ORG is ignored. 





ERROR 26 NO FORMAT NAME AFTER & 





When aline ends with an & and no continuation (/) is given at the 
beginning of the next line, this error is generated. A format name 
is missing after the &, or a/ is missing on the continuation line. 





ERROR 27 (Not used) 











ERROR 28 ADDRESS NOT IN CURRENT PAGE 





When the user gives a label or a label$ as a VFS or has defined 
his variable field with the $ attribute, this message will be gener- 
ated if the left bits to be truncated do not match the corresponding 
bits of the current program counter. 








ERROR 29 LENGTH REQUIRED FOR $ MODIFIER 








Paged addressing (use of the $ as a modifier) requires the field 
length before the symbol in FF statements. Thus, 6SYMBOLS is 
correct but SYMBOLS is incorrect. 





ERROR 30 ILLEGAL FIELD LENGTH IN FF STMT. 


A field is greater than 16 bits ina FF statement. Only “don't care” 
fields may be larger than 16 bits. 





ERROR 31 (Not used) 





ERROR 32 NO EXPLICIT LENGTH BEFORE ( 


An expression in a FF statement must be enclosed in (). The 
explicit field length must precede the (. 
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AMDASM ERRORS WHICH HALT EXECUTION 


Error messages with n = 100 cause execution to stop. They are 
listed below: . 


ERROR 100 COMMAND OPTION SYNTAX ERROR 





The input command contains an error. Check for correct spelling 
of filenames and options, spaces between options, and correct 
drive specification with filenames. 


ERROR 101 DEF TABLE OVERFLOW 
ERROR 102 SUB TABLE OVERFLOW 


ERROR 103 EQU TABLE OVERFLOW 











ERROR 106 FIELD TABLE OVERFLOW 





Errors 101, 102, 103 and 106 occur when the amount of memory 
available has been exceeded. 








ERROR 104 INCORRECT OR MISSING WORD SIZE 





Either the WORD n command is not given as the first command 
(or the first command after TITLE) or the value given fornis < 1 or 
> 128. 





ERROR 105 UNEXPECTED END OF FILE 





The user has given an incorrect file name or the source file is not 
correct. AMDASM has encountered an end of file when it was still 
expecting data. 


AMPROM ERRORS 





ERROR 1 DON’T CARE DEFINITION ERROR 








A value other than zero or one was input as the value for 
“don’t care” bits. The user has input an incorrect character. 


ERROR 2 WIDTH INPUT SYNTAX ERROR 


The PROM width specified using n and/or Il#b has been stated 
incorrectly. Check for missing commas or asterisks. 


ERROR 3 WIDTH EXCEEDS MICROWORD SIZE 








The width given for all of the PROMs totals to so many bits 
that at least one additional PROM width is being specified. 
For example, if the microword width is 60 and PROM width is 
specified as 9*8, an error will be generated as there are 12 
(72-60) extra bits specified which is greater than the 8-bit 
width of each PROM. Program execution stops. However, 8*8 
will not generate an error since the extra 4 bits (64-60) will fit 
within one 8-bit wide PROM. 


AMDASM 





ERROR 4 TOO MANY PROM COLUMNS 


The user is limited to 32 columns in his PROM MAP. When a 
number of columns greater than 32 is specified this error occurs. 


ERROR 5 DEPTH INPUT SYNTAX ERROR 


The data (r and/or t*d) specifying the PROM depths has been 
input incorrectly. Check for missing commas or asterisks. 


ERROR 6 WARNING DEPTH EXCEEDS MAXIMUM PC 


The depth specified by the user will require at least one additional 
PROM filled with “don’t cares”. 


Thus, if the object code depth is 120 words and the user specifies 
3°64 for t«d, the extra 72 words are flagged as an error. However, 
if the user specified 2*64 (or 128) the extra 8 words would simply 
be filled with “don’t cares”. This is issued as a warning message. 
The additional PROM is filled with “don’t cares” and the program 
continues executing. 


ERROR 7 TOO MANY PROM ROWS 


A PROM MAP may contain a maximum of 64 rows. This provides 
for 64K of storage if the user has chosen 1K PROMs. A PROM 
MAP with more than 64 rows is not permitted. 


ERROR 8 ILLEGAL VALUE FOR ROWS OR COLUMNS 


The user has input something other than a decimal integer Y or 
Rs or Cs or the letters N or A. 
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The user may have forgotten the — between Y, and Y, or Cs, 
and Sp, etc. 


ERROR 9 ILLEGAL PROM NO., ROW, OR COLUMN 


DESIGNATION 
The user has requested a PROM number or a PROM row or 
column using a decimal value greater than any of the PROM 
numbers, PROM row numbers, or PROM column numbers. 


ERROR 10 UNEXPECTED END OF FILE ON INPUT FILE. 


This error only occurs when input to AMPROM is from a file 
(i.e., the user is not inputting the data interactively). A line giv- 
ing the “don’t care” value, the PROM width or the PROM 
depth, or the printing information has been omitted. 


ERROR 100 COMMAND OPTION SYNTAX ERROR 


This error occurs due to illegal command options or illegal 
syntax. 


Execution halts and the correct command must be entered. 


Check for misspelling, missing blanks or =, or incorrect drive 
specifications. 


NOTE: Errors 1, 2 and 5 are indicated on the console and the 
previous data request is repeated. In order to end this loop, 
the user must input correct data or abort. For AMPROM/29 
enter Control-C. For AMPROM/80 push interrupt 1. 


APPENDIX A 


ERRORS 


AMDASM ERRORS 


ERROR 
ERROR 
ERROR 
ERROR 
ERROR 
ERROR 
ERROR 
ERROR 
ERROR 
ERROR 10 
ERROR 11 
ERROR 12 
ERROR 13 
ERROR 14 
ERROR 15 
ERROR 16 
ERROR 17 
ERROR 18 
ERROR 19 
ERROR 20 
ERROR 21 
ERROR 22 
ERROR 23 
ERROR 24 
ERROR 25 
ERROR 26 
ERROR 27 
ERROR 28 
ERROR 29 
ERROR 30 
ERROR 31 
ERROR 32 


OONODOOA HL WN = 


ILLEGAL CHARACTER 

UNDEFINED SYMBOL 

UNDEFINED FORMAT 

DUPLICATE FORMAT 

DUPLICATE LABEL 

DUPLICATE SUBDEFINE 

FORMAT FIELD OVERFLOW 
SUBDEFINE FIELD OVERFLOW 
UNDEFINED DIRECTIVE 

ILLEGAL MICROWORD LENGTH 
ILLEGAL FIELD LENGTH 

DON’T CARE FIELD TOO LONG 
ARITHMETIC OPERATION ON FIXED FIELD 
ATTRIBUTE ERROR 

(Not used) 

MISSING END STATEMENT 

ILLEGAL SYMBOL 

OVERLAY ERROR 

NO DEFAULT VALUE 

FIELD LENGTH CONFLICT 

$ SPECIFIED FOR NON-ADDRESS FIELD 
(Not used) 

MISSING DESIGNATORS 

SPACE DIRECTIVE ERROR 

ORG SET TO LESS THAN CURRENT PC 
NO FORMAT NAME AFTER & 

(Not used) 

ADDRESS NOT IN CURRENT PAGE 
LENGTH REQUIRED FOR $ MODIFIER 
ILLEGAL FIELD LENGTH IN FF STMT 
(Not used) 

NO EXPLICIT LENGTH BEFORE ( 
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AMDASM ERRORS WHICH HALT EXECUTION 


ERROR 100 
ERROR 101 
ERROR 102 
ERROR 103 
ERROR 104 
ERROR 105 
ERROR 106 


COMMAND OPTION SYNTAX ERROR 
DEF TABLE OVERFLOW 

SUB TABLE OVERFLOW 

EQU TABLE OVERFLOW 

INCORRECT OR MISSING WORD SIZE 
UNEXPECTED END OF FILE 

FIELD TABLE OVERFLOW 


AMPROM ERRORS 


ERROR 
ERROR 
ERROR 
ERROR 
ERROR 
ERROR 
ERROR 
ERROR 
ERROR 
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ERROR 10 
ERROR 100 


DON’T CARE DEFINITION ERROR 

WIDTH INPUT SYNTAX ERROR 

WIDTH EXCEEDS MICROWORD SIZE 

TOO MANY PROM COLUMNS 

DEPTH INPUT SYNTAX ERROR 

WARNING DEPTH EXCEEDS MAXIMUM PC 
TOO MANY PROM ROWS 

ILLEGAL VALUE FOR ROWS OR COLUMNS 
ILLEGAL PROM NO., ROW, OR COLUMN 
DESIGNATION 

UNEXPECTED END OF FILE ON INPUT FILE 
COMMAND OPTION SYNTAX ERROR 


ADVANCED MICRO DEVICES 
SCHOTTKY AND LOW-POWER SCHOTTKY MSI 


Advanced Micro Devices offers a complete line of Schottky and Low-Power Schottky MSI 
products. On the following pages are a selector guide for these products and brief data on 
several of the most useful parts. For complete data refer to our Schottky and Low-Power 
Schottky Data Book. 


Advanced Micro Devices offers two LS Logic families. 



















® Am25LS — High Performance 10% 
e Am54/74LS — Standard Performance MORE RELI 
Similar elements of both families are described on the same data sheet. Ke 
compared below. 
All Advanced Micro Devices’ products are manufacpar€d to the quality assurance require- 
ments of MIL-STD-883, Level C. According to Befidbook 217B published by the Rome Air 
Development Center, the Aj suthority on component reliability, Level C 
integrated circuits are up €o ten times more reliable han normal industry commercial parts. 
Even if you don’t need the pérfermen e-featurés of Am25LS, you can buy our versions of MOE 
54/74LS devices with the assurance . that they are manufactured to the stringent quality 50mV MO 
standards of MIL-STD-883. NOISE MAR\ 
Am25LS IMPROVED PERFORMANCE 
@ Noise Margin TWICE TH 
At Ioz, = 8mA, Am25LS guarantees Vo = 0.45V_cmpared to 0.50V for 54/74LS. FAN-OUT 
@ Fan Out 
Over the military temperature range, Am25LS is specified 4 
8mA/0.36mA). 54LS is guaranteed at Ig; =4mA only, for F.O- 7 aA 0. 36mA 
e i pia : OF : : REDUCED SUPP 
Am25LS has Igc¢ upper limit controlled CURRENT SPIKI 
@ Speed 
In this example, Am25LS164 has worst case clock to output delay specified a up to 45% 
faster and fax at more than 40% faster than 54/74LS164: Most Am25LS devicts-orre 
similar improvements. FASTER 


SWITCHING SPEED SPECIFIED AT TEMPERATURE AND POWER SUPPLY EXTREMES 
The switching speeds of all new Am25LS devices are now being specified at: 
@ Full 5OpF load 
® Over the operating temperature range 
— Military ~—55°C to +125°C 
— Commercial 0°C to +70°C 
e Over the operating power supply range a MORE FULLY 
— Military 5.0V + 10% SPECIFIED 
— Commercial 5.0V + 5% 


PRICE 


Most Am25LS device list prices are the same or less than the equivalent 54/74LS 
standard performance device. 








COM'L Ta =0°C 10 +70°C 
MIL Ta = —55°C to #125°C 


DC CHARACTER! 


ELECTRICAL CHARACTERISTICS 

The Following Conditions Apply Unless Otherwise Specified: 

Veco = 5.0V 15% MIN. = 4,75V MAX. =5.25V 
Veo #5.0V 410% MIN. =4,50V MAX. =5.50V 





Descripue 


STICS OVER OPERATING RANGE Typ. 





Am25LS164 - Am54LS/74LS164 


8-Bit Serial-In, Parallel-Out Shift Register 






FUNCTIONAL DESCRIPTION 


The Am25LS164 and Am54LS/74LS164 are eight-bit, serial 
in/paralle! out shift registers built using advanced Low-Power 
Schottky processing. A gated input provides enable/disable 
control over incoming data such that the data can be entered 
or logic zeros can be entered into the register. 





DISTINCTIVE CHARACTERISTICS 











Gated serial inputs 

@ Asynchronous clear 

@ Am25LS devices offer the following improvements over 

Am54/74LS 

— Higher speed 

— 5OmV lower Vot at !oL = 8mA 
‘ aT 
























An asynchronous clear input can be used to simultaneously . 
clear the eight flip-flops in the device. When the clear input is 
LOW, aif internal flip-flops are forced LOW independent of 
the clock input. An incoming data bit is entered into the Q, 
flip-flop and the data in all internal flip-flops is shifted right on 
the LOW-to-HIGH transition of the clock input. 











= 440A source current at HIGH output 


100% product assurance testing to MIL-STD-883 
requirements 












The Am54LS/74LS164 is a standard performance version of 
the Am25LS164. See appropriate electrical characteristic tables 
for detailed Am25LS improvements. 







LOGIC DIAGRAM 






Am25LS164 














‘conditions (Note 1) (Note 2) 





Guaranteed input fogical HIGH 
voltage for all inputs 


Guaranteed input logical LOW 


voltage for all inputs 
MAX. = 5.25V 


MAX. = 5.50V 





Voc = MIN,, Wy = —18MA 



























Am54LS/74LS164 








Typ. 
Clock, Clear i 7 
Input LOW Current Veco = MAX., Vin = 0.4V Uitions.(wose 3) Nainore2) Max. 
2.5 x | 
2.7 3.4%] 








Vv 




















Units 


Volts 





= MAX., Vin = 2.7V 


















0.25 





Voc = MAX., Vin = 7.0V 











Output Short Circuit Current Voc = MAX. 


(Note 3) 






























Notes: 1. 







Power Supply Current 
(Note 4) 


For conditions shown as MIN. or MAX 
2. Typical limits are at Voc = 5.0V, 25°C 
3. Not more than one output should be st 
ud with outputs open, serial inp 
















SWITCHING CHARACTERISTICS 
(Ta = +25°C, Vcc = 5.0V} 


Parameters Description 











Am54LS/74LS 
Min. Typ. 
















Clear to Output 
Clock or Clear 
Data 
Data 










CL = 15pF 
RL = 2.0k2 




















Clear Recovery Time 
Maximum Clock Frequency 











Am25LS ONLY 
SWITCHING CHARA 
OVER OPERA 











Am25LS MIL 


Ta=-55°C10+125°C 
Vec = 5.0V +10% 


Am25LS COM’L 


Ta =0°C to +70°C 
Voc =5.0V 15% 
Min. 












CTERISTICS 








Parameters Description Test Conditions 





Clock to Output 





Clear to Output 
Clock or Clear 
Data 
Data 
Clear Recovery Time 

Maximum Clock Frequency 



























fmvax 





*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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cable device type. 
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mA 











SCHOTTKY AND LOW-POWER SCHOTTKY 
FUNCTIONAL SELECTOR GUIDE 





This guide divides the AMD Low-Power Schottky and 
Schottky TTL Product Line by function into three basic per- 
formance categories indicated by the examples below. 


1. High-Performance, Low-Power Schottky Ex. 25LS174 Six 
Bit Register. fax = 40MHz (Min.) 


HIGH-PERFORMANCE 
LOW-POWER 


DESCRIPTION 


DECADE (BCD) COUNTERS 


Asynchronous Clear 

Synchronous Clear 

Up-Down, Synchronous Preset 

Up-Down, Asynchronous Preset, Single Clock 
Up-Down, Asynchronous Preset, Dual Clock 
Up-Down, Synchronous Preset, Three-State 


BINARY HEXADECIMAL COUNTERS 


Asynchronous Clear 

Synchronous Clear 

Up-Down, Synchronous Preset 

Up-Down, Asynchronous Preset, Single Clock 
Up-Down, Asynchronous Preset, Dual Clock 
Up-Down, Synchronous Preset, Three-State 


DECODER/DEMULTIPLEXERS 


One-of-Ten Decoder/Demultiplexer, Polarity Control 
One-of-Eight Decoder/Demultiplexer 

One-of-Eight Decoder/Demultiplexer with Control Storage 
Dual One-of-Four Decoder/Demultiplexer 

One-of-Eight Decoder/Demultipiexer, Polarity Control 
Dual One-of-Four Decoder/Demultiplexer, Polarity Control 


MULTIPLEXERS 


Eight-Input Multiplexer 

Eight-Input Multiplexer with Control Storage 
Three-State Eight-Input Multiplexer 

Dual Four-Input Multiplexer 

Three-State Dual Four-Input Multiplexer 

Quad Two-Input Multiplexer; Non-Inverting 
Three-State Quad Two-Input Multiplexer; Non-Inverting 
Quad Two-Input Multiplexer; Inverting 

Three-State Quad Two-Input Multiplexer; inverting 


MONOSTABLE (ONE-SHOT) 
Dual Retriggerable, Resettable Monostable Multivibrator 


OPERATORS (ALU, MULTIPLIER, PRIORITY ENCODER, etc.) 


Four by Two Two's Complement Multiplier 
Four-Bit, Four-Way Shifter 

Four-Bit ALU/Function Generator 

Four-Bit ALU/Function Generator 

Four-Bit ALU/Function Generator 

Four-Bit Parallel Accumulator 

Priority Encoder, Eight Line to Three Line 
Four-Bit Serial Adder/Subtractor 

Priority Encoder, Three State 

Eight by One Serial/Parallel Two’s Complement Multiplier 
Eight-Bit by Eight-Bit Multiplier/Accumulator 
Eight-Bit Comparator 

Eight-Bit Registered Comparator 

System Clock Generator and Driver 


SCHOTTKY 


25LS160 
25LS162 
25LS168 
25LS190 
25LS192 
* 25LS2568 


25LS161 
25LS163 
25LS169 
25LS191 
25LS193 
* 25LS2569 


25L82537 
25LS138 
25LS2536 
25LS139 
25LS2538 
25LS2539 


25LS151 
25LS2535 
25LS251 
25LS153 
25LS253 
25LS157 
25LS257 
25LS158 
25LS258 


25LS181 
25LS2517 
25LS381 
25LS281 
25LS148 

*25LS15 
25LS2513 

*25LS14 

* 25LS2516 
25LS2521 
25LS2524 
25LS2525 
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2. Standard Low-Power Schottky 


Ex. 74LS174 Six Bit Register. fmyax = 30MHz (Min.) 


3. High-Speed Schottky 


Ex. 745174 Six Bit Register. fpjax, = 75MHz (Min.) 


STANDARD 


LOW-POWER 


SCHOTTKY 


54/74LS160 
54/74LS162 
54/74LS168 
54/74LS190 
54/74LS192 


54/74LS161 
54/74LS163 
54/74LS169 
54/74LS191 
54/74LS193 


54/74LS138 


54/74LS139 


54/74LS151 


54/74LS251 
54/74LS153 
54/74LS253 
54/74LS157 
54/74LS257 
54/74LS158 
54/74LS258 


54/74LS181 


54/74LS381 
54/74LS281 
54/74LS148 


HIGH-SPEED 
SCHOTTKY 


54/74S160/93S10 


54/74S161/93S16 


54/74S138 


54/748139/93S21 


54/74S151 


54/74S251 
54/74S153 
54/74S253 
54/74S157/93S22 
54/74S257 
54/74S158 
54/74S258 


26802 


25S05 
* 25810/54/74S350 
54/74S181 


“Data Sheet on following pages. 


FUNCTIONAL SELECTOR GUIDE (Cont.) 


DESCRIPTION 





PARITY CHECKER/GENERATORS 


Nine-Input Parity Checker/Generator 
Twelve-Input Parity Checker/Generator 


REGISTERS 


Four-Bit Register with Common Clock Enable 

Four-Bit Register with Two-Input Multiplexers on Inputs 

Four-Bit Register with Standard and Three-State Outputs 

Four-Bit, Two-Output Three-State Register 

Four-Bit Register with Common Clear 

Four-Bit Register; Shift Right, Left or Parallel Load 

Four-Bit Register; Shift Right or Parallel Load 

Six-Bit Register with Common Clock Enable 

Six-Bit Register with Common Clear 

Eight-Bit, Serial-In, Parallel-Out Register 

Eight-Bit Shift/Storage Register; Synchronous Clear 

Eight-Bit Shift/Storage Register; Asynchronous Clear 

Eight-Bit Shift-Storage Register with Sign Extend 

Octal D-Type Register, Common Clear 

Octal Transparent Latch (Three State) 

Octal D-Type Register (Three State) 

Octal D-Type Register, Common Enable 

Four-Bit by Four-Bit Register File(O.C.) 

Four-Bit by Four-Bit Register File (Three State) 

Octal D-Type Register, Common Enable and Clear, 
Three-State 


BUS TRANSCEIVERS/DRIVERS 


Quad Bus Transceiver, Inverting, (100mA) 
Quad Bus Transceiver, Non-Inverting (100mA) 
Quad Bus Transceiver, Inverting 
Quad Bus Transceiver, Non-Inverting 
Quad Open-Collector Bus Transceiver 
Quad Three-State Bus Transceiver (Inverting) 
Quad Three-State Bus Transceiver (Non-Inverting) 
Quad Two |/P Transceiver with Three-State Receiver (O.C.) 
Quad Two |/P Transceiver with Parity (O.C.) 
Quad Two I/P Transceiver with Parity (O.C.) 
Quad Two |/P Transceiver with Three-State Receiver 
(Three-State) 
Quad Two |/P Transceiver with Parity (Three-State) 
Quad Two |/P Transceiver with Parity (Three-State) 
Octal Bus Driver, Inverting 
Octal Bus Driver, Non-Inverting 
(Complementary G, G inputs) 
Octal Bus Driver, Non-inverting 
Octal Bidirectional Bus Transceiver 





HIGH-PERFORMANCE STANDARD 
LOW-POWER LOW-POWER HIGH-SPEED 
SCHOTTKY SCHOTTKY SCHOTTKY 

82S62 
93548 
25LS08 54/74LS379 * 25S08/54/74S379 
25LS09 54/74LS399 *25S09/54/74S399 
25LS2518 25818/54/74S388 
25LS2519 
25LS175 54/74LS175 54/74S175 
25LS194A 54/74LS194A 54/748194 
25LS195A 54/74LS195A 54/74S195 
25LS07 54/74LS378 * 25S07/54/74S378 
25LS174 54/74LS174 54/748174 
25LS164 54/74LS164 
25LS23 
25LS299 54/74LS299 
*25LS22 
25LS273 54/74LS273 
25LS373 54/74LS373 *“54/74S373 
25LS374 54/74LS374 *54/74S374 
25LS377 54/74LS377 
25LS170 54/74LS170 
25LS670 54/74LS670 
25LS2520 
26810 
26811 
25LS242 54/74L$242 *54/74S242 
25LS243 54/74LS243 *54/74S243 
26812/12A 
8T26/8T26A 
8128 
2905 
2906 
2907 
2915A 
2916A 
2917A 
25LS240 54/74LS240 * 54/74S240 
25LS241 54/74LS241 *54/74S241 
25LS244 54/74LS244 *54/74S244 
8304 





*Data Sheet on following pages. 
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Am25LS14 


8-Bit Serial/Parallel Two's Complement Multiplier 


DISTINCTIVE CHARACTERISTICS 


Two’s complement multiplication without correction 
Magnitude only multiplication 

Cascadable for any number of bits 

8-bit parallel multiplicand data input 


@ 25MHz minimum clock frequency 

@ Second sourced by T.I. as the SN54LS/74LS384 

@ 100% product assurance screening to MIL-STD-883 
requirements 


FUNCTIONAL DESCRIPTION 


The Am25LS14 is an 8-bit by 1-bit sequential logic element 
that performs digital multiplication of two numbers repre- 
sented in two’s complement form to produce a two’s comple- 
ment product without correction by using Booth’s algorithm 
internally. The device accepts an 8-bit multiplicand (X input) 
and stores this data in eight internal latches. The X latches are 
controlled via the clear input. When the clear input is LOW, all 
internal flip-flops are cleared and the X latches are opened to 
accept new multiplicand data. When the clear input is HIGH, 
the latches are closed and are insensitive to X input changes. 


The multiplier word data is passed by the Y input in a serial 
bit stream — least significant bit first. The product is clocked 
out the S output least significant bit first. 


The multiplication of an m-bit multiplicand by an n-bit multi- 
plier results in an m +n bit product. The Am25LS14 must be 
clocked for m +n clock cycles to produce this two’s comple- 
ment product. Likewise, the n-bit multiplier (Y-input) sign bit 
data must be extended for the remaining m-bits to complete 
the multiplication cycle. 


The device also contains a K input so that devices can be cas- 
caded for longer length X words. The sum (S) output of one 
device is connected to the K input of the succeeding device 
when cascading. Likewise, a mode input (M) is used to indicate 
which device contains the most significant bit. The mode input 
is wired HIGH or LOW depending on the position of the 8-bit 
slice in the total X word length. 


LOGIC DIAGRAM 


CONNECTION DIAGRAM 
Top View 


4 13 
Am25LS14 
5 12 


Note: Pin 1 is marked for orientation. 


MPR-328 


MPR-327 


LOGIC SYMBOL 


11°12 13 14 2 


X7 Xg Xs Xq Xz XQ Xy Xo 


Am25LS14 


6 


Vec = Pin 16 
GND = Pin 8 
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Am25LS$15 


Quad Serial Adder/Subtractor 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


@ Four independent adder/subtractors The Am25LS15 is a serial two’s complement adder/subtractor 
Use with two’s complement arithmetic designed for use in association with the Am25LS14 serial/ 
Magnitude only addition/subtraction Parallel two’s complement multiplier. This device can also be 
Second sourced by T.!. as Am54LS/74LS385 used for magnitude only or one’s complement addition or 
100% product assurance screening to MIL-STD-883 subtraction. 


requirements Four independent adder/subtractors are provided with com- 
mon clock and clear inputs. The add function is A plus B and 
the subtract function is A minus B. The clear function sets the 
internal carry function to logic zero in the add mode and to 
logic one in subtract mode. This least significant carry is self 
propagating in the subtract mode as long as zeroes are applied 
to the A and B inputs at the LSB’s. All internal flip-flops 
change state on the LOW-to-HIGH clock transition. 


The Am25LS15 is particularly useful for recursive or non- 
recursive digital filtering or butterfly networks in Fast Fourier 
Transforms. 


LOGIC DIAGRAM 
(One of Four Similar Functions) 


TO 30THER 
ADDER/SUBTRACTORS 


F, SUM 


Sy 
ADD/ 
SUBTRACT 


TO 3 OTHER 
ADDER/SUBTRACTORS 


MPR-330 


CONNECTION DIAGRAM LOGIC SYMBOL 
Top View 


7 8 1591413 16 17 18 


Ay By S; Ap By Sz Az BgS3 Ag By Sy 
CLOCK 
Am25LS15 
QUAD ADDER/SUBTRACTOR 
Am25L815 O} CLEAR 


Sg 


Vcc = Pin 20 
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Am25L$22 


8-Bit Serial/Parallel Register With Sign Extend 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


@ Three-state outputs with multiplexed input The Am25LS22 is an eight-bit serial/parallel register built using ad- 
Multiplexed serial data input vanced Low-Power Schottky processing. The device features an eight- 

‘ é bit parallel multiplexed input/output port to provide improved bit 
Sign extend function density in a 20-pin package. Data may also be loaded into the device in 
Second sourced by T.I. as Am54LS/74LS322 a serial manner from either input Da or Dg. A serial output, Qg, is 


100% product assurance screening to MIL-STD-883 also provided. 


requirements The Am25LS22 is specifically designed for operation with the 
Am25LS814 serial/parallel two’s complement multiplier and provides 
the sign extend function required for this device. 


When the Register Enable (RE) input is HIGH, the register wil! retain 
its current contents. Synchronous parallel loading is accomplished by 
applying a LOW to RE and applying a LOW to the Serial/Parallel (S/P) 
input. This places the three-state outputs in the high-impedance state 
independent of OE and allows data that is applied on the input/output 
lines (DY;) to be clocked into the register. When the S/P input is HIGH, 
the device will shift right. The Sign Extend (SE) input is used to repeat 
the sign in the Q7 flip-flop. This occurs whenever SE is LOW when the 
SHIFT mode is selected. When SE is high, the serial two-input multi- 
plexer is enabled. Thus, either Da or Dg can be selected to load data 
serially. The register changes state on the LOW-to-HIGH transition of 
the clock. A clear input (CLR) is used to asynchronously reset al! flip- 
flops when a LOW is applied. 


LOGIC DIAGRAM 
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CONNECTION DIAGRAM 
Top View 
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Am25LS2516 


Eight-Bit By Eight-Bit Serial/Parallel Multiplier with Accumulator 


DISTINCTIVE CHARACTERISTICS 


Two’s complement, two-bit lookahead carry-save arithmetic 
Microprogrammable — four-bit instruction code for load, 
multiply, and read operations 

Cascadable, two devices perform full 16-bit multiplication 
without additional hardware 

Eight-bit byte parallel, bidirectional, bussed 1/0 

On-chip registers and double length accumulator 

Overflow indicator 

Three-state shared bus input/output lines 

High-speed architecture provides clock rates of 2OMHz (Typ) 
100% product assurance screening to MIL-STD-883 
requirements 


LOGIC SYMBOL 


Xa 
Am25LS2516 
GND 


OVFL 
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ACC UH IN EVEN 
ACC LH IN ODD 
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BUS 7 

BUS 6 

BUS 4 

ACC UH OUT ODD BUS 2 

ACC UH IN ODD BUS 0 

ACC UH IN EVEN ACC UH OUT EVEN 

ACC LH IN ODD OVFL 
ACC LH IN EVEN 
YR OUT ODD 

Vec Am25LS2516 lg 


FUNCTIONAL DESCRIPTION 


The Am25LS2516 is an eight-bit by eight-bit multiplier and 
accumulator employing serial/parallel, two’s complement, 
carry-save arithmetic to deliver a 16-bit product in eight clock 
cycles. The device is fully cascadable for use in high-speed, 
real-time, digital signal processing applications. 


The device includes an eight-bit X Register prior to the X latch 
providing X hold for chain or overlapping calculations. The X 
and Y registers are loaded by clocking prior to the beginning 
of a multiply cycle, the data supplied by the bidirectional bus 
or the accumulator register. The double length, 16-bit output 
is multiplexed onto the eight-bit bus; either the upper or lower 
halves of the result can be read at any one time. 


The accumulator and the Y register are both organized as dual- 
rank shift registers, allowing them to shift two bits at a time. 
The serial inputs and outputs of the Y register, the low and 
high order halves of the accumulator and the two-bit serial 
accumulator adder output, both serj nd in parallel, are all 
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Am25LS2568 - Am25LS2569 


Four-Bit Up/Down Counters With Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 


4-bit synchronous counter, synchronously programmable 
Both synchronous and asynchronous clear inputs 
Three-state counter outputs interface directly with bus 
organized systems 

Internal look-ahead carry logic and two count enable lines 
for high speed cascaded operation 

Ripple carry output for cascading 

Clock carry output for convenient modulo configuration 
Fully buffered outputs 

Second sourced as the 54LS/74LS568 and LS569 
Advanced low-power Schottky technology 

100% product assurance screening to MIL-STD-883 
requirements 


LOGIC DIAGRAMS 
Am25LS2568 


MPR-340 


FUNCTIONAL DESCRIPTION 


The Am25LS2568 and Am25LS2569 are programmable up/ 
down BCD and Binary counters respectively with three- 
state outputs for bus organized systems. All functions except 
output enable (OE) and asynchronous clear (ACLR) occur on 
the positive edge of the clock input (CP). 


With the LOAD input LOW, the outputs will be programmed 
by the parallel data inputs (A, B, C, D) on the next clock edge. 
Counting is enabled only when CEP and CET are LOW and 
LOAD is HIGH. The up-down input (U/D) controls the direc- 
tion of count, HIGH counts up and LOW counts down. In- 
ternal look-ahead carry logic and an active LOW ripple carry 
output (RCO) allows for high-speed counting and cascading. 
During up-count, the RCO is LOW at binary 9 for the 
LS2568 (binary 15 for the LS2569) and upon down-count, 
it is LOW at binary 0. Normal cascaded operations requires 
only the RCO to be connected to the succeeding block at CET. 
When counting, the clocked carry output (CCO) provides a 
HIGH-LOW-HIGH pulse for a duration equal to the LOW time 
of the clock pulse and only when RCO is LOW. Two active 
LOW reset lines are available, synchronous clear (SCLR) and 
a_master reset asynchronous clear (ACLR). The output control 
(OE) input forces the counter output into the high impedance 
state when HIGH and when LOW, the counter outputs are 
enabled. 


LOGIC SYMBOL 


Vec = Pin 20 
GND = Pin 10 
MPR-341 


CONNECTION DIAGRAM 
Top View 
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Note: Pin 1 is marked for orientation. 
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Am25S07-Am25S08 


Hex/Quad Parallel D Registers With Register Enable 





Distinctive Characteristics @ Positive edge triggered D flip-flops 
@ 4-bit and 6-bit high-speed parallel registers @ 100% reliability assurance testing in compliance with 
® Common clock and common enable MIL-STD-883. 


FUNCTIONAL DESCRIPTION LOGIC SYMBOLS 
The Am25S07 is a 6-bit, high-speed Schottky register with Am25S$07 Am25S08 
a buffered common register enable. The Am25S08 is a 4-bit 
register with a buffered common register enable. The de- 
vices are similiar to the Am54S/74S174 and Am54S/74S175 
but feature the common register enable rather than 
Am25S07 


common clear. 6-BIT REGISTER ait REGISTER 


E Do 01 D2 D3 04 Dy 02 


Both registers will find application in digital systems where Qo Oy Q2 03 4 
information is associated with a logic gating signal. When 
the enable is LOW, data on the D inputs is stored in the 
register on the positive going edge of the clock pulse. When 
the enable is HIGH, the register will not change state re- Vec = Pin 16 
gardless of the clock or data input transitions. GND = Pin8 


3 2 6 7 11°10 14 15 


MPR-343 MPR-344 


LOGIC DIAGRAMS 


Am25S807 


MPR-345 


CONNECTION DIAGRAMS 
Top Views 


Am25S07 Am25S08 


OQ; Ds Dg Q4 Dy 


Low-Power Schottky versions of these devices available 
also. Order Am25LS07 and Am25LS08. 


1 1 

a a 

E E Q, GND 

MPR-347 MPR-348 
Note: Pin 1 is marked for orientation. 





Am25S09 


Quad Two-Input, High-Speed Register 





Distinctive Characteristics 


@ Four-bit register accepts data from one of two 4bit @ 100% reliability assurance testing in compliance with 
input fields. MIL-STD-883. 


@ Edge triggered clock action @ Electrically tested and optically inspected dice for 
@ High-speed Schottky technology. the assemblers of hybrid products. 


FUNCTIONAL DESCRIPTION 


The Am25S09 is a dual port high-speed, four-bit register 
using advanced Schottky technology to reduce the effect 
of transistor storage time. The register consists of four D 
flip-flops with a buffered common clock, and a two-input 
multiplexer at the input of each flip-flop. A common select 
line, S, controls the four multiplexers. Data on the four 
inputs selected by the S line is stored in the four flip-flops 
at the clock LOW-to-HIGH transition. When the S input is 
LOW, the Dja input data will be stored in the register. 
When the S input is HIGH, the Djg input data will be 
stored in the register. 


LOGIC SYMBOL 


Don Oop 214 O1B D2 Dog 03a OZR 
Am25S09 


Q2 


Vcc = Pin 16 
GND = Pin8 
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LOGIC DIAGRAM 


MPR-350 


CONNECTION DIAGRAM 
Top View 


Vec 93 D3q D3g 028 P2q A2 CP 


Low-Power Schottky version of this part available also. 
Order part number Am25LS09. 


Note: Pin 1 ts marked for orientation 
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Am25S10 


Four-Bit Shifter With Three-State Outputs 





distinctive Characteristics 


» Shifts 4-bits of data to 0, 1, 2 or 3 places under con- 
trol of two select lines. 


» Three-state outputs for bus organized systems. 


@ 6.5 ns typical data propagation delay 

@ Alternate source is 54S/74S350 

@ 100% reliability assurance testing in compliance with 
MIL-STD-883. 


FUNCTIONAL DESCRIPTION LOGIC SYMBOL 


The Am25S10 is a combinatorial logic circuit that accepts a 
four-bit data word and shifts the word 0, 1, 2 or 3 places. 
The number of places to be shifted is determined by a two- 
bit select field Sg and S71. An active-LOW enable controls 
the three-state outputs. This feature allows expansion of 
shifting over a larger number of places with one delay. Am25S10 


Lg lg ty lo ty t2. Is 
$1 


By suitable interconnection, the Am25S10 can be used to 
shift any number of bits any number of places up or down. 
Shifting can be logical, with logic zeroes pulled in at either 
or both ends of the shifting field; arithmetic, where the 
sign bit is repeated during a shift down; or end around, 


z Vec = Pin 16 
where the data word forms a continuous loop. 


GND = Pin8 
MPR-352 


LOGIC DIAGRAM 


MPR-353 


ORDERING INFORMATION CONNECTION DIAGRAM 


Top View 


Package 
Type 


Molded DIP 
Hermetic DIP 
Dice 
Hermetic DIP 
Hermetic Flat Pak 
Dice 


Temperature 
Range 


0°C to +70°C 

0°C to +70°C 

0°C to +70°C 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 


Order 
Number 


AM25S10PC 

AM25S10DC 
AM25S10XC 
AM25S10DM 
AM25S10FM 
AM25S10XM 


Note: Pin 1 is marked for orientation 


v4 Y3 


Ig to ey lg GND 
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Am54S/74S240 - 


Am54S/74S241 


Am54S/74$242 -Am54S/74S243 
Am54S/74S244 


Octal Buffers/Line Drivers/Line Receivers With Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 


Three-state outputs drive bus lines directly 
Advanced Schottky processing 
Hysteresis at inputs improve noise margin 
PNP.inputs reduce D.C. loading on bus lines 
Vo, of 0.55V at 64mA for Am74S; 48mA for Am54S 
Data-to-output propagation delay times: 

Inverting — 7.0ns MAX 

Non-inverting — 9.0ns MAX 
Enable-to-output — 15.0ns MAX 
100% reliability assurance testing in compliance with 
MIL-STD-883 
20 pin hermetic and molded DIP packages for Am54S/ 
748240, Am54S/74S241, and Am54S/74S8244 





FUNCTIONAL DESCRIPTION 


These buffers/line drivers, used as memory-address drivers, 
clock drivers, and bus oriented transmitters/receivers, pro- 
vide improved PC board density. The outputs of the com- 
mercial temperature range versions have 64mA sink and 
15mA source capability, which can be used to drive termi- 
nated lines down to 1332. The outputs of the military tem- 
perature range versions have 48mA sink and 12mA source 
current capability. 


Featuring 0.2V minimum guaranteed hysteresis at each 
low-current PNP data input, they provide improved noise 
rejection and high-fan-out outputs to restore Schottky TTL 
levels completely. 


The Am54S/74S240, Am54S/74S241 and Am54S/74S244 
have four buffers which are enabled from one common line, 
andthe other four buffers are enabled from another common 
line. The Am54S/74S240 is inverting, while the Am54S/ 
74S241 and Am54S/74S244 present true data at the outputs. 


The Am54S/74S242 and Am54S/74S243 have the two 4-line 
data paths connected input-to-output on both sides to form 
an asynchronous transceiver/buffer with complementing 
enable inputs. The Am54S/74S242 is inverting, while the 
Am54S/74S243 presents non-inverting data at the outputs. 


CONNECTION DIAGRAMS 
Top Views 


Am54S/74S240 Am54S/74S241 


MPR-357 





MPR-355 MPR-356 


Am54S/74S242 


Note: Pin 1 is marked for orientation. 


Am54S/74S243 


Am54S/74S8244 
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ORDERING INFORMATION 


Package 
Type 


Temperature 
Range 





-55°C to +125°C 

~-55°C to +125°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 


Hermetic 
Dice 
Hermetic 
Molded 
Dice 


SN548240J 
AM54S8240X 
SN74S240J 
SN74S240N 
AM74S8240X 


Low-Power Schottky versions of these parts available also. 


SN548241J 
AM54S241X 
SN748241J 
SN74S241N 
AM74S241X 





Order Number 


Am54S/74S240 Am54S/74S241 Am54S/74S242 Am54S/74S243 Am54S/74S244 





SN54S243J 
AM54S243X 
SN74S243J 


SN54S242J 
AM54S242X 
SN74S242J 


SN54$244J 
AM54S244X 
SN74S244J 
SN74S244N 
AM748244X 


AM74S242X AM748243X 


Am54S/74S$373 


Octal Latch With Three-State Outputs 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


8 latches in a single package The Am54S/74S373 is an octal latch with three-state outputs 
Three-state outputs interface directly with bus organized for bus organized system applications. The latching flip-flops 
systems appear to be transparent to the data (data changes asyn- 
Hysteresis on latch enable input for improved noise mar- chronously) when latch enable, G, is HIGH. When G is LOW, 
gin the data that meets the set-up times is latched. Data appears 
High speed — Clock to output 12ns typical on the bus when the output enable, OE, is LOW. When OE is 
100% product assurance screening to MIL-STD-883 HIGH the bus output is in the high-impedance state. 
requirements 


Note: Higher sink current and inverting versions are also in development. 


= 


LOGIC DIAGRAM 
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e 
CONNECTION DIAGRAM LOGIC SYMBOL 
Top View 


Vec= Pin 20 
Nota: Pin 1 is marked for orientation. GND = Pin 10 
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Am54S/74S374 


8-Bit Register with Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 


@ Ejight-bit, high speed parallel registers 

© Positive, edge-triggered, D-type flip-flops 

© Buffered common clock and buffered common three-state 
control 

@ High speed — Clock to output 11ns typical 

® 100% product assurance screening to MIL-STD-883 
requirements 


OE 
OUTPUT 
ENABLE 


CONNECTION DIAGRAM 
Top View 


Note: Pin 1 is marked for orientation. 


FUNCTIONAL DESCRIPTION 


The Am54S/74S374 is an eight-bit register built using high 
speed Schottky technology. This register consists of eight 
D-type flip-flops with a buffered common clock and a buf- 
fered three-state output control. When the output enable 
(OE) input is LOW, the eight outputs are enabled. When the 
OE inputis HIGH, the outputs are in the three-state condition. 


Input data meeting the set-up and hold time requirements of 
the D inputs is transferred to the Y outputs on the LOW-to- 
HIGH transition of the clock input. 


The device is packaged in a space-saving (0.3-inch row spac- 
ing) 20-pin package. 


MPR-363 


LOGIC SYMBOL 


Vec= Pin 20 
GND = Pin 10 
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ADVANCED MOS/LSI 


Advanced Micro Devices is an industry leader in the production of high- 
technology MOS products. The company’s n-channel, silicon-gate MOS 
process is ideally suited for the dense, high-speed memory and 
microprocessor products required by today’s systems. 


Although most of the MOS products are oriented toward the Am9080A 8-bit 
MOS microprocessor, the static RAM’s are ideal for use with the Am2900 
family. The access times of these devices are often well matched to 2900 
system microcycle times and provide significant cost benefits over bipolar 
memories of the same density. 


Of particular interest to users of the Am2900 family are the Am9130 and 
Am9140 4096-bit RAM’s. These devices are organized as 4K x 1 and as 
1K x 4 and are available with access times to 200ns. 


Complete data on these devices is included in the following pages, along 
with our 16K dynamic RAM, the Am9016. The selection guide on the next 
few pages lists other Advanced MOS products which may be of interest. 
Most of these products are available for full military temperature range 
operation. For complete data on our MOS products, see our MOS/LSI Data 
Book. 


MOS MEMORY SELECTION GUIDE 


STATIC R/W RANDOM-ACCESS MEMORIES 






































Maximum DatavO Operating Standby 
Part Organiza- Access Temp. Supply Outputs Config- Package Power Power 
Number tion Time Range Voltage P ti 9 Pins Max. Max. 
(ns) baie (mw) (mW) 
Am9101A 256 x 4 500 C,M +5 3-State Separate 22 290 46 
Am91L01A 256 X 4 500 C,M +5 3-State Separate 22 173 37 
Am9101B 256 x 4 400 C,M +5 3-State Separate 22 290 46 
Am91L01B 256 X 4 400 C,M +5 3-State Separate 22 173 37 
Am9101C 256 x 4 300 C,M +5 3-State Separate 22 315 46 
Am91L01C 256 x 4 300 C,M +5 3-State Separate 22 189 87 
Am9101D 256 X 4 250 C +5 3-State Separate 22 315 46 
Am9102 1024 x 1 650 C,M +5 3-State Separate 16 263 42 
Am91L02 * 1024x141 650 C,M +5 3-State Separate 16 158 35 
Am9102A 1024 x 1 500 C,M +5 3-State Separate 16 263 42 
Am91L02A 1024 x1 500 C,M +5 3-State Separate 16 158 35 
Am9102B 1024 x 1 400 C,M +5 3-State Separate 16 263 42 
Am91L02B 1024 x 1 400 C,M +5 3-State Separate 16 158 35 
Am9102C 1024 x1 300 C,M +5 3-State Separate 16 290 42 
Am91L02C 1024 x 1 300 C,M +5 3-State Separate 16 173 35 
Am9102D 1024 x 1 250 Cc +5 3-State Separate 16 290 42 
Am9111A 256 Xx 4 500 C,M +5 3-State Bussed 18 290 46 
Am91L11A 256 x 4 500 C,M +5 3-State Bussed 18 173 37 
Am9111B 256 x 4 400 C,M +5 3-State Bussed 18 290 46 
Am91L11B 256 X 4 400 C,M +5 3-State Bussed 18 173 37 
Am9111C 256 X 4 300 C,M +5 3-State Bussed 18 315 46 
Am91L11C 256 x 4 300 C,M +5 3-State Bussed 18 189 37 
Am9111D 256 X 4 250 C +5 3-State Bussed 18 315 46 
Am9112A 256 X 4 500 C,M +5 3-State Bussed 16 290 46 
Am91L12A 256 X 4 500 C,M +5 3-State Bussed 16 173 37 
Am9112B 256 X 4 400 C,M +5 3-State Bussed 16 290 46 
Am91L12B 256 X 4 400 C,M +5 3-State Bussed 16 173 37 
Am9112C 256 X 4 300 C,M +5 3-State Bussed 16 315 46 
Am91L12C 256 X 4 300 C,M +5 3-State Bussed 16 189 37 
Am9112D 256 X 4 250 C +5 3-State Bussed 16 315 46 
Am9114B 1024 x1 450 C,M +5 3-State Bussed 18 500 = 
Am9114C 1024 x1 300 C,M +5 3-State Bussed 18 500 = 
Am9114E 1024 x1 200 Ce +5 3-State Bussed 18 500 = 
Am9130A 1024 x 4 500 C,M +5 3-State Bussed 22 578 84 
Am9130B 1024 x 4 400 C,M +5 3-State Bussed 22 578 84 
Am9130C 1024 x 4 300 C,M +5 3-State Bussed 22 578 84 
Am9130D 1024 x 4 250 Cc +5 3-State Bussed 22 578 84 
Am9130E 1024 x 4 200 Cc +5 3-State Bussed 22 578 84 
Am91L30A 1024 x4 500 C,M +5 3-State Bussed 22 367 72 
Am91L30B 1024 x 4 400 C,M +5 3-State Bussed 22 367 72 
Am91L30C 1024 x 4 300 C,M +5 3-State Bussed 22 367 72 
Am91L30D 1024 x 4 250 Cc +5 3-State Bussed 22 367 72 
Am9131A 1024 x 4 500 C,M +5 3-State Bussed 22 578 84 
Am9131B 1024 x 4 400 C,M +5 3-State Bussed 22 578 84 
Am9131C 1024 x4 300 C,M +5 3-State Bussed 22 578 84 
Am9131D 1024 x4 250 Cc +5 3-State Bussed 22 578 84 
Am9131E 1024 x 4 200 C +5 3-State Bussed 22 578 84 
Am91L31A 1024 x 4 500 C,M +5 3-State Bussed’ 22 367 72 
Am91L31B . 1024x4 400 C,M +5 3-State Bussed 22 367 72 
Am91L31C 1024 x 4 300 C,M +5 3-State Bussed 22 367 72 
Am91L31D 1024 x 4 250 C +5 3-State Bussed 22 367 72 
Am9140A 4096 x 1 500 C,M +56 3-State Separate 22 578 84 
Am9140B 4096 x 1 400 C,M +5 3-State Separate 22 578 84 
Am9140C 4096 x 1 300 C,M +5 3-State Separate 22 578 84 
Am9140D 4096 x 1 250 Cc +5 3-State Separate 22 578 84 
Am9140E 4096 x 1 200 C +5 3-State Separate 22 578 84 
Am91L40A 4096 x 1 500 C,M +5 3-State Separate 22 367 72 
Am91L40B 4096 x 1 400 C,M +5 3-State Separate 22 367 72 
Am91L40C 4096 x 1 300 C,M +5 3-State Separate 22 367 72 
Am91L40D 4096 x 1 250 Cc +5 3-State Separate 22 367 72 
Am9141A 4096 x 1 500 C,M +5 3-State Separate 22 578 84 
Am9141B 4096 x 1 400 C,M +5 3-State Separate 22 . 578 84 
Am9141C 4096 x 1 300 C,M +5 3-State Separate 22 578 84 
Am9141D 4096 x 1 250 Cc +5 3-State Separate 22 578 84 
Am9141E 4096 x 1 200 Cc +5 3-State Separate 22 578 84 
Am91L41A 4096 x 1 500 C,M +5 3-State Separate 22 367 72 
Am91L41B 4096 x 1 400 C,M +5 3-State Separate 22 367 72 
Am91L41C 4096 x 1 300 C,M +5 3-State Separate 22 367 72 
Am91L41D 4096 x 1 250 Cc +5 3-State Separate 22 367 72 
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MOS MEMORY SELECTION GUIDE 


DYNAMIC R/W RANDOM-ACCESS MEMORIES 





Maximum Oper- Standby 

Part Organiza- Access Temp. Supply ating Outputs re Package ee Power- 
Number tion Time Range Voltages Power P ti g Pins mn Max. 
(ns) (mW) uration (ns) (mW) 

Ams050C 4096 x 1 300 Cc —5, +12 750 Open Drain Bussed 18 2.0 3.0 
Amg050D 4096 x 1 250 Cc —5,4+12 750 Open Drain Bussed 18 2.0 3.0 
Amg050E 4096 x 1 200 Cc —5, +12 750 OpenDrain Bussed 18 2.0 3.0 
Ams060C 4096 x 1 300 Cc +5, 412 750 3-State Separate 22 2.0 3.0 
Amg060D 4096 x 1 250 Cc +5, 412 750 3-State Separate 22 2.0 3.0 
AmS060E 4096 x 1 200 Cc +5, +12 750 3-State Separate 22 2.0 3.0 
Am9016C 16384 x 1 300 Cc +5, +12 480 3-State Separate 16 2.0 20.0 
Am9016D 16384 x 1 250 Cc +5, +12 480 3-State Separate 16 2.0 20.0 
Am9016E 16384 x 1 200 Cc +5, +12 480 3-State Separate 16 2.0 20.0 
READ-ONLY MEMORIES 

Part ‘ Access Time Temp. Suppl Operating Power- 

Number Organization (ns) Range Voltages Pax. (mW) Outputs 
C8316A 2048 x 8 850 Cc +5 514 3-State 
C8316E 2048 x 8 450 Cc +5 499 3-State 
Am9208B 1024 x 8 400 C,M +5, +12 620 3-State 
Am9208C 1024 x 8 300 C,M +5, +12 620 3-State 
Am9208D 1024 x 8 250 C +5, +12 700 3-State 
Am9214 : 512 x 8 500 C,M +5 263 3-State 
Am9216B 2048 x 8 400 C,M +5, +12 660 3-State 
Am9216C 2048 x 8 300 Cc +5, +12 700 3-State 
Am9217A 2048 x 8 580 C,M +5 367 3-State 
Am9217B 2048 x 8 450 C,M +5 367 3-State 
Am9218B 2048 x 8 450 C,M +5 367 3-State 
Am9218C 2048 x 8 350 Cc +5 367 3-State 
Am9g232 4096 x 8 350 C,M +5 500 3-State 
ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

Part Access Time Temp. Suppt Operating Power- 

Number Organization (nsec) Range Voltages Pax. (mW) Outputs 
Am1702A 256 x 8 1.0us CLE —9V, +5V 676 3-State 
Am2708 1024 x 8 450 Cc +5V, +12V, —5V 800 3-State 
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Am9016 


16,384 x 1 Dynamic R/W Random Access Memory 


DISTINCTIVE CHARACTERISTICS 


High density 16k x 1 organization 
Direct replacement for MK4116 
Worst-case refresh intervals at 70°C — 

2ms for Am9016, 4ms for Am90R16 
Low maximum power dissipation — 

462mW active, 2OmW standby 
High speed operation — 200ns access, 375ns cycle 
+10% tolerance on standard +12, +5, —5 voltages 
TTL compatible interface signals 
Three-state output 
RAS only, RMW and Page mode clocking options 
128 cycle refreshing 
Unlatched data output 
Standard 16-pin, .3 inch wide dual in-line package 
Double poly N-channel silicon gate MOS technology 
100% MIL-STD-883 reliability assurance testing 


BLOCK DIAGRAM 


COLUMN 
CLOCKS CLOCKS 


DATA 
is BUFFER 


GENERAL DESCRIPTION 


The Am9016 is a high speed, 16k-bit, dynamic, read/write 
random access memory. It is organized as 16,384 words by 
1 bit per word and is packaged in a standard 16-pin DIP. The 
basic memory element is a single transistor cell that stores 
charge on a small capacitor. This mechanism requires periodic 
refreshing of the memory cells to maintain stored information. 


All input signals, including the two clocks, are TTL compatible. 
The Row Address Strobe (RAS) loads the row address and the 
Column Address Strobe (CAS) loads the column address. The 
row and column address signals share 7 input lines. Active 
cycles are initiated when RAS goes low, and standby mode is 
entered when RAS goes high. In addition to normal read and 
write cycles, other types of operations are available to improve 
versatility, performance, and power dissipation. 


The three-state output buffer turns on when the column access 
time has elapsed and turns off after CAS goes high. Input and 
output data are the same polarity. 


CONNECTION DIAGRAM 


=== fh 


COLUMN DECODE mm 
te — —-128 BIT LINES — — 
REFERENCE CELLS 
SENSE + 


S 128 SENSE-RESTORE AMPS RESTORE 


CLOCKS 


REFERENCE CELLS 


——128 BIT LINES — 


COLUMN DECODE 
15128 


Top View 
Pin 1 is marked for orientation. 


ADDRESS INPUTS 

COLUMN ADDRESS STROBE 
DATA IN 

DATA OUT 

ROW ADDRESS STROBE 
POWER (+12V) 

POWER (+5V) 

GROUND 

POWER (—5V) 

WRITE ENABLE 


MPR-366 MPR-367 


ORDERING INFORMATION 


Ambient Package Refresh Access Time 
Temperature Type Interval 


AMS9016CDC AM9016DDC AM9016EDC 


0’C<Ta <+70°C Hermetic DIP | 2msec | 
| 4msec | AmgoR16cDC | AmgoRi6DDC | AM9OR16EDC 
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Am9016 
MAXIMUM RATINGS above which useful life may be impaired 


Storage Temperature ~—55°C to +150": 
Ambient Temperature under Bias 0°C to +70°: 
Input Signal Voltages with Respect to VBB —0.5V to +20' 
VDD and VCC Supply Voltages with Respect to VBB —0.5V to +20! 
Power Dissipation 1.0V 
Short Circuit Output Current 50mé 


The products described by this specification include internal circuitry designed to protect input devices from damaging accumulation o 
static charge. It is suggested nevertheless, that conventional precautions be observed during storage, handling, and use in order to avoi 
exposure to excessive voltages. 


OPERATING RANGE 
Ambient Temperature VDD vcc VSss VBB 


0°C <Ta <+70°C +12V +10% +5V +10% | oo | —5.0V +10% 


Am9016X 
ELECTRICAL CHARACTERISTICS over operating range (Notes 1, 11) Am90R16X 
Parameters Description Test Conditions Min. Typ. Max. Units 






aa [ | veo] vars] 
Gurput LOW Voltage [ot =a2ma*dvss_f080[Vor | 







Output HIGH Voltage 10H = —5.0mA 


VBB Supply Current, Average 


Operating CAS Cycling, Am9016D 
Minimum Cycle Times AmS8016E 


aa 
a 
ieee 
Soe 
ae 
aoe 
ee erazi 
Pee 
ie 
aa 
frais RAS < VIL, Be 
pees Made CAS Cycling, ee eS I 
pan 
Pe 
iaeen 
ie 
ieee 
toe 
ca 
aan 


Operating, Minimum Cycle Time 


RAS Cycling, Am9016C 


[Input HIGH Voltage for Addie, Dain [SSCS | 0 
[Vine [input HIGH Voltage for CASAS WE [_—SSSCSCSCSC—CSCSCSYSn 
1 0 
[x [input toad Current ——Ss=SC*~“‘“‘“dtCS SOS SCSC~C TO 
/10z [Output Leskage Current _—~=~S~C~*idiC SS VO VCC, Cutp OFF +10 
[icc [vec suppiy Current ——=SSS~S~sC tpt OFF Note ad SiO 
ce | Stency, RAS> VIG 
a 
! asl 
Ed 







VDD Supply Current, 
Average 





Minimum Cycle Times | ~AmB0veE |__| 


RAS Cycling, Am9016C 


ae = ealy CAS > VIHC, Amgoi6D_ | 
ae Minimum Cycle Times Am9016E | 
Standby RAS > VIHC P| 






RAS, CAS, WE Inputs at OV, f = 1MHz, 
Cl Input Capacitance Address, Data In Nominal! Supply Voltages 





IWITCHING CHARACTERISTICS over operating range (Notes 2, 3, 5, 10) 


Uv 


Bree 


t 
tRAC 
tRAH 
tRAS 
tRC 

tRCD 
tRCH 
tRCS 





Page Mode Cycle Time 

Access Time from RAS (Note 6) 

RAS LOW to Row Address Hold Time 
RAS Pulse Width 

Random Read or Write Cycle Time 
RAS LOW to CAS LOW Delay (Note 6) 
Read Hold Time 

Read Set-up Time 


TCELCEL (P) 
TRELQV 
TRELAX (R) 
TRELREH 
TRELREL 
TRELCEL 
TCEHWX 
TWHCEL 





Am9016 





N 


295 275 25 


300 


nN 


w 
oi 


200 
375 


300 10,000 | 250 | 10,000 


W 
ol 
GQ 
a 
ao 
ol 
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200 


oO 


10,00 
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Renamed Am9016C Am9016D Am9016E 
‘arameters Description Parameter Min. Max. Min. Max. Min. Max. Units 
tAR FAS LOW to Column Address Hold Time 20 | | 160{ | i120} | os | 
TASC__| _Golumn Address Setup Time raveet | -10 | | -10 | | -10 | | ms] 
tCAH CAS LOW to Column Address Hold Time [TceLax =—s | 85 |) of os | 8 | os 
tCRP CAS to RAS Precharge Time -20 [|  |-20 | ~~ | -20 [os 
tCWL WE LOW to CAS HIGH Set-up Time [TwLceH ~=—s {| 100: «|)~—sf 100 | Pons | 
Hoid Time (Note 7) TWLDX 
tDHR RAS LOW to Data In Valid Hold Time 200 | [wo] {120 | | os | 
Set-up Time (Note 7) TOVWL 
[TCELCEL(P) | aes Ee ee 
[TRELOV |__| 280 
[TRELAX(R) | | 35 | 
[TRELREH | [| 250 _| 10,000 | 
[TRELREL | a 
[TRELCEL 
[TCEHWX 
PON CER. =H 


tREF 


tRSH 


tRWC 


Am90R16 
Am9016 


Refresh Interval 


RAS Precharge Time 
CAS LOW to RAS HIGH Delay 
Read/Write Cycle Time 


TREHREL 
TCELREH 


TRELREL (R/W) 





oa 


= 
N 
n| oO 





TRELWL 
TWLREH 


tRWD 
tRWL 


RAS LOW to WE LOW Delay (Note 9) 
WE LOW to RAS HIGH Set-up Time 
Transition Time 

Write Hold Time 

RAS LOW to Write Hold Time 


ot 


TCELWH 
TRELWH 


tWCH 
tWCR 


~J 
oa 


| ms N a 
Oo o 

o 
= Oia 
Stas nae a) 
o|}oO ol 


5 


lL} nN 
° o 
wn 


tWCS WE LOW to CAS LOW Set-up Time (Note 9) TWLCEL 20 20 2 ns 
twe TWLWH 75 
NOTES 
1. Typical values are for TA = 25°C, nominal supply voltages 7. Timing reference points for data input setup and hold times 
and nominal processing parameters. will depend on what type of write cycle is being performed 
2. Signal transition times are assumed to be 5ns. Transition and will be the later falling edge of CAS or WE. 
ue are ppasdred Between specified hign and low logic levels. 8. At least two initialization cycles that exercise both RAS and 
3. Timing reference levels for both input and output signals are CAS should be performed after power-up and before valid 
the specified worst-case logic levels. operations are begun. 
4. VCC is used in the output buffer only. ICC will therefore 
depend only on leakage current and output loading. When 9. The tWCS, tRWD and tCWD parameters are shown for refer- 
the output is ON and at a logic high level, VCC is connected ence purposes only and do not restrict the operating flexi- 
to the Data Out pin through an equivalent resistance of bility of the part. When the falling edge of WE follows the 
approximately 135. In standby mode VCC may be reduced falling edge of CAS by at most tWCS, the data output buffer 
to zero without affecting stored data or refresh operations. will remain off for the whole cycle and an “early write” 
5. Output loading is two standard TTL loads plus 100pF cycle is defined. When the falling edge of WE follows the 
capacitance. falling edges of RAS and CAS by at least tRWD and tCWD 
6. Both RAS and CAS must be low to read data. Access timing respectively, the Data Out from the addressed cell will be 


will depend on the relative positions of their falling edges. 
When tRCD is less than the maximum value shown, access 
time depends on RAS and tRAC governs. When tRCD is 
more than the maximum value shown access time depends on 
CAS and tCAC governs. The maximum value listed for tRCD 
is shown for reference purposes only and does not restrict 
operation of the part. 
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valid at the access time and a “read/write” cycle is defined. 
The falling edge of WE may also occur at intermediate posi- 
tions, but. the condition and validity of the Data Out signal 
will not be known. 


10. Switching characteristics are listed in alphabetical order. 
11. All voltages referenced to VSS. 


Am9016 


SWITCHING WAVEFORMS 
READ CYCLE 


i RRR ccm sconse RRR RRR 
A _Romaneress DORAL _cotunm ADERESS KKK KKK 


[MYVVYVYY YY 


VX XXXX KX KK XK KK XXX KKK KA 
SKK RY KKK 


WRITE CYCLE (EARLY WRITE) 


tRC 
tRAS 


RAS 


tAR 
tRCD | tRSH 
tCAS 
CAS 


{| 


XXX AXA 19,4; 6°0°0°6°4°0°4°600°000:4'4'0-0°0°6°4,0'0'0'0'0'0'0, 000 00'0'4'0'0- 008 
roves RO rovcoes DORR. cess DREN NO 


ae WAAR KAY 0000040545400 0045 00'0,4.0'4°04 444044000040" 
 OXXXXXEXKRRX KS PRXAXRXX EXER EAX RAE RNA RAK EKEKEK ARK KANE 
ae TI tRWL 
XXX (XY (x XXX (X (X (X (X (X (X (X (X cy (XX (X (X G | | J musta 7, * (Y (X (XxXXX (XXX VJ (X CX (X (X cy + (x (X (y (X YX (X (y + Cy (X CX (y (X cy (yl 
OKXXKXKKKRKEERKRARRAR | | TSTARSE AXA KKKKKKRKKKKRREKREAKANRRRRRKRN 
Lee tDH 


DS 


(OFF} SHE 
; 


READ-WRITE/READ-MODIFY-WRITE CYCLE 


‘- 


10.0006 ao RON at _ ROR RR 
ere ROK atts ROR ADDRESS —_ RRR KKK KKK KKK KK KKK KIN) 


a RMAVMVAAAAAAAAVIAVALIVIVALALS 


+RWD rCWL 
tRCS tCWD tRWL 


ees XXXX XK KKK XXX KX (XXX G 
KKK KK KKIEKYY i 


OUTPUT VALID 


OOO AAA AA AAA AAA AX KAKA AAA Fo wworerante  DRRAAY RXR R 
RRR KNX KERN RRR KKK RXR ERKARORRRK TETHER RARER RKRRXRERKX 
MPA-370 





Am9016 
SWITCHING WAVEFORMS (Cont.) 


RAS ONLY REFRESH CYCLE 


YXXKXX KKK 7, | mowaooness | KXX TYYYYOOOOIOIOOOOO OOOO OOK KX XY 
WK APO ARK RARKKKRKRRRRA ERK AX RX ARNERIORN 


EN" 6°6°6'0°0'0'0-6.0°0'6,0'°0-4,0'0-0'0,0'6-4.6.6'66-6.6.6-6.66,66.00.6.6.6.0-0-66.6.6.6.06660.0'0'4'0'0 00004000" 
WRK KKK KR AK KE KKK KK KKK ERR KK KK RRNA KKK KAN EANKRENAN 


XXAAAAAKAKAK? 
MPR-371 


PAGE MODE CYCLE 


-—— tPC 
tCRP 


| ‘cs 
tCAS 

OXXXX7 RXXXKA RXXOXXK KOK / NAXKXXKXXK XDA VAIO OD 
appress XXXXX) 4 OW OOOOX) coer. DOOOOOOOOOOU00K  costves OOOO 000K cecum. 000001... KY 


XX. APOress PX clan PRK Anne LUKAAXXXXX XY LNAI KIA KAA AAA 


ea ak 
= C7 


twCH 


CAS 


tWCR 


tRCS tRCH tCWL 
—_ YIKKKKKKK RRR YK we KKK KIRK 
AXA KK KARE RXKX RNY XS XXX 


tRWL 


tRCH 


tDS tOH 


Xx YKYKKKKKK KKK YK KKK KKK RERXRXRK —nrursrane | XX KXKKKXKKX KKK KKK KK KKK KKK KX KOKO KX KX 
AAXXXKXKX KARE KERR AERA STAPLE DARKER KKK N RE KE RMAX EX RKEREKS 


tDHR 


MPR-372 
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Am9016 


APPLICATION INFORMATION 


The Am9016 electrical connections are such that if power is 
applied with the device installed upside down it will be perma- 
nently damaged. Precautions should be taken to avoid this 
mishap. 


OPERATING CYCLES 


Random read operations from any location hold the WE line 

high and follow this sequence of events: 

1) The row address is applied to the address inputs and RAS is 
switched low. 

2) After the row address hold time has elapsed, the column 
address is applied to the address inputs and CAS is switched 
low. 

3) Following the access time, the output will turn on and valid 
read data will be present. The data will remain valid as long 
as CAS is low. 

4) CAS and RAS are then switched high to end the operation. 
A new cycle cannot begin until the precharge period has 
elapsed. 


Random write operations follow the same sequence of events, 
except that the WE line is low for some portion of the cycle. If 
the data to be written is available early in the cycle, it will 
usually be convenient to simply have WE low for the whole 
write operation. 


Sequential Read and Write operations at the same location can 
be designed to save time because re-addressing is not necessary. 
Aread/write cycle holds WE highuntil avalid read is established 
and then strobes new data in with the falling edge of WE. 


After the power is first applied to the device, the internal cir- 
cuit requires execution of at least two initialization cycles which 
exercise both RAS and CAS before valid memory accesses are 
begun. 


The Am9016 draws most of its power as transients that occur 
as a result of address strobe switching. Thus, power dissipation 
for a given part will be a function of strobe duty cycles. The 
Am9016E may be operated at a maximum cycle rate of 375ns 
in an ambient environment of +70°C. Memory read or mem- 
ory write cycles may also be reduced from 375ns to as low 
as 330ns when the ambient temperature is maintained at 
+70°C. Figure 1 shows cycle time versus ambient temperature 
relationship. 


Maximum Ambient Temperature 
Versus Cycle Rate 


CYCLE TIME tRC -- ns 
1000 +§=©§00 400 300 250 


Ty, — AMBIENT TEMPERATURE — °C 





2.0 3.0 


CYCLE RATE — MHz 


MPR-373 


Figure 1. 


ADDRESSING 


14. address bits are required to select one focation out of the 
16,384 cells in the memory. Two groups of 7 bits each are 
multiplexed onto the 7 address tines and latched into the 
internal address registers. Two negative-going external clocks 
are used to control the multiplexing. The Row Address Strobe 
(RAS) enters the row address bits and the Column Address 
Strobe (CAS) enters the column address bits. 


When RAS is inactive, the memory enters its low power stand- 
by mode. Once the row address has been latched, it need not 
be changed for successive operations within the same row, 
allowing high-speed page-mode operations. 


Page-mode operations first establish the row address and then 
maintain RAS low while CAS is repetitively cycled and desig- 
nated operations are performed. Any column address within 
the selected row may be accessed in any sequence. The maxi- 
mum time that RAS can remain low is the factor limiting the 
number of page-mode operations that can be performed. 


Multiplexed addressing does not introduce extra delays in the 
access path. By inserting the row address first and the column 
address second, the memory takes advantage of the fact that 
the delay path through the memory is shorter for column 
addresses. The column address does not propagate through the 
cell matrix as the row address does and it can therefore arrive 
somewhat later than the row address without impacting the 
access time. 


REFRESH 


The Am9016 is a dynamic memory and each cell must be re- 
freshed at least once every refresh interval in order to maintain 
the cell contents. Any operation that accesses a row serves to 
refresh all 128 cells in the row. Thus the refresh requirement 
is met by accessing all 128 rows at least once every refresh 
interval. This may be accomplished, in some applications, in 
the course of performing normal operations. Alternatively, 
special refresh operations may be initiated. These special 
operations could be simply additional conventional accesses or 
they could be “RAS-only” cycles. Since only the rows need to 
be addressed, CAS may be held high while RAS is cycled and 
the appropriate row addresses are input. Power required for 
refreshing is minimized and simplified control circuitry will 
often be possible. 


DATA INPUT/OUTPUT 


Data is written into a selected cell by the combination of WE 
and CAS while RAS is low. The later negative transition of WE 
or CAS strobes the data into the internal register. In a write 
cycle, if the WE input is brought tow prior to CAS, the data is 
strobed by CAS, and the set-up and hold times are referenced 
to CAS. !f the cycle is a read/write cycle then the data set-up 
and hold times are referenced to the negative edge of WE. 


In the read cycle the data is read by maintaining WE in the 
high state throughout the portion of the memory cycle in 
which CAS is low. The selected valid data will appear at the 
output within the specified access time. 


DATA OUTPUT CONTROL 


Any time CAS is high the data output will be off. The output 
contains either one or zero during read cycle after the access 
time has elapsed. Data remains valid from the access time until 
CAS is returned to the high state. The output data is the same 
polarity as the input data. 
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Am9016 


APPLICATION INFORMATION (Cont.) 


The user can control the output state during write operations Figure 2 shows the change in IDD supply current as a function 
by controlling the placement of the WE signal. In the “early —_ of operating cycle rate. 
write’’ cycle (see note 9) the output is at a high impedance 


state throughout the entire cycle. At all times the Absolute Maximum Rating Conditions must 


be observed. During power supply sequencing VBB should 
POWER CONSIDERATIONS never be more positive than VSS when power is applied to VDD. 
RAS and/or CAS can be decoded and used as a chip select 

signal for the Am9016 but overall system power is minimized 

if RAS is used for this purpose. The devices which do not 

receive RAS will be in low power standby mode regardless 

of the state of CAS. 


Maximum 1DD Versus Cycle Rate 


CYCLE TIME tRC — ns 


500 400 
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‘ Am9016E 
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CYCLE RATE — MHz 
MPR-374 


Figure 2. 
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Am9016 


PARAMETER ABBREVIATIONS 


The Switching Characteristics table includes an extra column 
of parameter abbreviations. They illustrate anew type of speci- 
fication nomenclature designed to help clarify signal symbols 
and make data sheet information more consistent. 


All timing abbreviations use upper case characters with no sub- 
scripts. The initial character is always T and is followed by four 
descriptors that specify two signal points arranged in a ‘from- 
to’ sequence that define a ‘timing interval. The descriptors for 
each signal point specify the signal name and the signal tran- 
sitions. Thus the format is: 

TXXXX 


signal name from which interval is defined 
transition direction for first signal 

signal name to which interval is defined 
transition direction for second signal 


V/VVV/ 
ADDRESS XXX %, 


" 
OY) 


XXXXH 
YX 


MPR-375 
The drawing shows a column address setup time defined as 
TAVCEL, Address Valid to Column Enable Low time. 


The signal definitions used in this data sheet are: 
A= Address 

D = Data In 

O = Data Out 

W = Write Enable 

RE = Row Address Strobe 

CE = Column Address Strobe 


The transition definitions used in this data sheet are: 
H = transition to high 

L = transition to low 

V = transition to valid 

X = transition to invalid or don't care 

Z = transition to off (high impedance) 


Metallization and Pad Layout 














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































DIE SIZE 0.136" X 0.233” 





Am9130 - Am91L30 


1024 x 4 Static R/W Random Access Memories 


DISTINCTIVE CHARACTERISTICS 


1k X 4 organization 

Fully static data storage — no refreshing 

Single +5V power supply 

High-speed — access times down to 200ns max. 
Low operating power 

— 578mW max., 9130 

— 368mW max., 91L30 

Interface logic levels identical to TTL 

High noise immunity — 400mV worst-case 
High output drive — two standard TTL loads 
DC power-down mode — reduces power by >80% 
Single phase, low voltage, low capacitance clock 
Static clock may be stopped in either state 
Data register on-chip 

Address register on-chip 

Steady power drain — no large surges 

Unique Memory Status signal 

— improves performance 

— self clocking operation 

Full MIL temperature range available 

100% MIL-STD-883 reliability assurance testing 


BLOCK DIAGRAM 


ROW 
ADDRESS 
DECODERS 


STORAGE CELL MATRIX 


GENERAL DESCRIPTION 


The Am9130 and Am91L30 products are high performance, 
adaptive, low-power, 4k-bit, static, read/write random access 
memories. They are implemented as 1024 words by 4 bits per 
word, Only a single +5V power supply is required for normal 
operation. A DC power-down mode reduces power while 
retaining data with a supply voltage as low as 1.5V. 


All interface signal levels are identical to TTL specifications, 
providing good noise immunity and simplified system design. 
All inputs are purely capacitive MOS loads. The outputs will 
drive two full TTL loads or more than eight low-power 
Schottky loads. 


Operational cycles are initiated when the Chip Enable clock 
goes HIGH. When the read or write is complete, Chip Enable 
goes LOW to preset the memory for the next cycle. Address 
and Chip Select signals are latched on-chip to simplify system 
timing. Output data is also latched and is available until the 
next operating cycle. The WE signal is HIGH for all read 
operations and is LOW during the Chip Enable time to perform 
a write. Data In and Data Out signals share common I/O pins. 


Memory Status is an output signal that indicates when data is 
actually valid and when the preset interval is complete. It can 
be used to generate the CE input and to improve the memory 
performance. 


CONNECTION DIAGRAM 


ADDRESS 6[—] 1 22 [} Vcc (+5.0V) 


Appress7{ 42 21]|_| ADDRESS O 


TIMING 
CONTROL 


COLUMN 


aporesss[ | 3 
ADDRESS9| | 4 
DATA 1/0 1[_]5 
DATAWO2[ [6 


DATA 1/03} | 7 


Am9130 
Am91L30 


|_| ADDRESS 1 
19 |_] ADDRESS 2 
18 [ ]ADDRESS 3 
17 |_| ADDRESS 4 


16[ ]|ADDRESS5 


COLUMN 
ADDRESS 
DECODERS 


AODRESS 


eee 


© 
MPR-376 2 


Ambient Temperature 


0°C <T, <+70° 


Package 
Type 


Hermetic T70°C 
DIP ° 2 
-55 C<Tp S+125 C 


LOW | Am91L30ADM 


1/03 
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sa] was] a 


pata i/o4[ |8 15 [_] WRITE ENABLE 


OUTPUT DISABLE [_] 9 14 [ ] CHIP SELECT 
MEMORY STATUS [_] 10 13 [_] OUTPUT ENABLE 


(GND) Vgg [11 12 [_] CHIP ENABLE 


Top View 


Pin 1 is marked for orientation. 
MPR-377 


Access Time 


[soos | a00n | 300m | —280ns —_—| 
Am9130ADC_| Am9130BDC_| Am9130CDC__| Am9130DDC 
LOW | Am91L30ADC | Am91L30BDC | Am91L30CDC | Am91L30DDC 
stp | Am9130ADM | Am9130BDM | Amg9130CcDM | 


m91L30BDM 


Am9130EDC 


Am91L30CDM 





Am9130 « Am91L30 


MAXIMUM RATINGS above which the useful life-may be impaired 














Storage Temperature —65°C to +150°C 
Ambient Temperature Under Bias —55°C to +125°C 
Vec with Respect to Vss —0.5V to #7.0\ 
All Signal Voltages with Respect to Vss —0.5V to +7.0\ 
Power Dissipation 1.25W 





The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations o1 
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 


exposure to excessive voltages. 


OPERATING RANGE 


POWER-DOWN RANGE 








Vss Vcc 
OV 1.5V <Vcec <5.25V 


.50V 1.5V < Vcc <5.50V 






ELECTRICAL CHARACTERISTICS over operating range (Note 1) 


Parameters Description 


Test Conditions 


von | Output HIGH Voltage IOH = —200uA 


Vou. || Output LOW Voltage 


| Vin | Input HIGH Voltage 
Input LOW Voltage 


Input Load Current Vss < VIN SVec 


ILo 


VOoH 

VOL 

ViH 
Icc 

Input Capacitance (Address) 
Cout Output Capacitance 

Input Capacitance (Control) 
ae 


Vcc Supply Current 


POWER DOWN CHARACTERISTICS 


Parameter Description 


Vcc Rate of Change 


tPS Power Down Set-Up Time 








Power Up Hold Time 











loc in Standby 
(Note 2) 





MINIMUM 


Output Leakage Current Vss < Vout < Vcc, Output disabled 
one oO 


Output disabled 


Test frequency = 1MHz 
Ta =25°C 
All pins at OV 


Test Conditions 











Ambient Temperature Part Number 
OC <Tpa <+70°C AM91X30XDC 
~55°C < Ta < +125°C AM91X30XDM 














POWER DOWN WAVEFORM 


ee dv/dt 


OPERATING Voc 
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SWITCHING CHARACTERISTICS over operating range 
READ CYCLE (Notes 7, 8, 9) 

Am9130A Am9130B Am9130C Am9130D 

Am91L30A Am91L30B Am91L30C Am91L30D Am9130E 
?arameter Description Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Unit 


(CE to Output Valid Delay) 


Chip Enable to Chip Select Hold Time 200 
Chip Enable to Address Hold Time 


= 

[ars [Reedte chip Erove ep Tine 
<m 3 
10H 
=< 
=< 
| | 


Chip Select to CE Set-Up Time (Note 4) 


Chip Enable to Read Hold Time 
Chip Enable to Output OFF Delay (Note 3) 


OE or OD to Output OFF Delay (Note 11) 
OE or OD to Output ON Delay (Note 11) 


Output Enable to CE LOW Set-Up Time (Note 12) 


Data Out to Memory Status Delay 


Internal Preset Intervai (Note 14) 





SWITCHING WAVEFORMS 
READ CYCLE 


TRKKKKKYNY RX KKK KIRKE RY 
pee 1 a cs KKK KK KKK 


XX KKK KX KV XXX XK KK XK KX KV KKK KV XY 
XR KXXXAXNRRKRRXAK RRA 


tRH 
OXY OO AR AA 
AY ONO 


XXXXKKXY OXKKXXX 
KR 


XXXKAXXAXX 
QR RRR KRU 


KAXXAXAKAKAKAKA XXXKAXM 


(YXX (XY XXX XK KY XX (X (YY (XY Wy y x) \) 


VIVIRALRIUAARASIVVIIARAARAAAAS IIL ALAS Y 
oureur YAOI) LARA 


KAXAKKARAKAXAKAMAXAAA AKA AY IAAKAAXAAXAKAAA 


DATA 1/0 


[14 


MEMORY 


STATUS (NOTE 6) 
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Am9130 + Am91 L30 
SWITCHING CHARACTERISTICS over operating range 
WRITE CYCLE (Notes 7, 8, 9) 


Am9130A Am9130B Am9130C Am9130D 
Am91L30A Am91L30B Am91L30C Am91L30D Am9130E 
Parameter Description Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Unit 


Write Cycle Time (Note 5) 7 


Access Time (CE to Output ON Delay) 


Chip Enable HIGH Time (Notes 14, 15) 





Chip Enable LOW Time (Notes 14, 15) 
Address to Chip Enable Set-Up Time 


70 
Chip Enable to Address Hold Time 

Chip Select to CE Set-Up Time (Note 4) 

Chip Enable to Chip Select Hold Time 200 
Write Pulse Width (Note 10) 


Data Input Set-Up Time (Note 10) 
Data Input Hold Time (Note 10) 


Data Out to Memory Status Delay 





Internal Preset Interval 





SWITCHING WAVEFORMS 
WRITE CYCLE 


CHIP 
ENABLE 


XX X7 RXXXXKKKKX KKK X (YY XXYYKK KY XXX KX KKK KKK KOK KRY 
mone: RX || RRRRRRRORESE 


tCH =7 
fee (Y (X (X) (YX XXX V (X (x (YX (X (XXX (XYX {Y (XX KX XXX (XY (Y {y Cy (XY + (Y (XX (YX (X (X (\y (X (y 
seuiet OOK PRXXXXXKXERKNNNNXKAKKRE RR EXXXXXXAXARRRIA. 


| ie 
ROKR KKK KRY) | | 


XXXXXXAAXKKARAAKAKAANAKA AAA KAA 


OOXXKKXKAAY 
AY KRY) 


XX OXXKK XX 
Val itts ttt 


YX XYKKKKKKKR ER KKK XKKKKKXKY XY) a ————— UXKKKKKY UKKKKKKKKRRKK 
(NOTE 13) 


netaue YYUKKK KKK XK KKK KKK KKK YYKKKKKKKKEAX 7 XXXAXX YX) 
Benet XR RKRRRRKRRXRIRRRERAY | KY 


NU Mnnnne, (YX (X ty ly 


DKK KXLK 


DATA 
DATA 1/0 iN 
STABLE 


tOH 


MEMORY } \ 
STATUS (NOTES 6, 15) | 


tDM tP 
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SWITCHING CHARACTERISTICS over operating range 


READ/MODIFY/WRITE CYCLE (Notes 7, 8, 9) 
Am9130A Am9130B Am9130C Am9130D 


Am91L30A Am91L30B Am91L30C Am91L30D Am9130E 
Parameter Description Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Unit 


z 
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Chip Enable to Address Hold Time 20 
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wn 


Chip Enable to Chip Select Hold Time 20 
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oe 
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Read Mode Hold Time 
Data Out to Memory Status Delay ioe] 
Internal Preset Interval || 


SWITCHING CHARACTERISTICS 
READ/MODIFY/WRITE CYCLE 


tRMWC 

k— tEH ~ r tEL 
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Am9130 * Am91L30 


NOTES: 


1. Typical operating supply current values are specified for 
nominal processing parameters, nominal supply voltage 
and the specific ambient temperature shown. 


Typical power-down supply current values are specified 
for nominal processing parameters, the specific supply 
voltage shown and the specific ambient temperature 
shown. 


At any operating temperature the minimum access time, 
tA(min.), will be greater than the maximum CE to 
output OFF delay, tOH(max.). 


The negative value shown indicates that the Chip Select 
input may become valid as late as 5ns following the 
start of the Chip Enable rising edge. 


The worst-case cycle times are the sum of CE rise time, 
tEH, CE fall time and tEL. The cycle time values shown 
include the worst-case tEH and tEL requirements and 
assume CE transition times of 10ns. 


The Memory Status signal is a two-state output and is 
not affected by the Output Disable or Output Enable 
signals. If the output data buffers are turned off, Memory 
Status will continue to reflect the internal status of the 
memory. : 


Output loading is assumed to be one standard TTL gate 
plus 50pF of capacitance. 


Timing reference levels for both input and output signals 
are 0.8V and 2.0V. 


CE and WE transition times are assumed to be <10ns. 


The internal write time of the memory is defined by 
the overlap of CE high and WE low. Both signals must 
be present on a selected chip to initiate a write. Either 
signal can terminate a write. The tWW, tDS and tDH 
specifications should all be referenced to the end of the 
write time. The Write Cycle timing diagram shows 
termination by the falling edge of CE. If termination is 
defined by bringing WE high while CE is high, the 
following timing applies: 


DI/O YY MY i! x INPUT STABLE PRK 
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FUNCTION DESCRIPTION 


Block Diagram 


The block diagram for the Am9130 shows the interface con- 
nections along with the general signal flow. There are ten 
address lines (AO through AQ) that are used to specify one 
of 1024 locations, with each location containing 4 bits. The 
Chip Select signal acts as a high order address. The Chip 
Enable clock latches the addresses into the address registers 
ahd controls the sequence of internal activities. 


The row address signals (AO through AS5) and their inversions 
are distributed to the 64 row address decoders where one of 


The output data buffer can be ON and output data 
valid only when Output Enable is high and Output 
Disable is low. OE and OD perform the same function 
with opposite control polarity. 


The output data buffer should be enabled before the 
falling edge of CE in order to read output information. 
When the output is disabled and CE is low, the output 
data register is cleared. 


Input and output data are the same polarity. 


The Chip Enable waveform requirements may be defined 
by the Memory Status output waveform. For.a read 
cycle, the basic CE requirement is that tEH =tA and 
tEL = tP: 


a | a: er 


Ons MIN. Ons MIN. 
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The Memory Status output functions as if all operations 
are read cycles. If a write cycle begins with WE low and 
Data In stable at the time CE goes high, the rising edge 
of MS may be used as an indication that the write is 
complete and CE may be brought low. Ina cycle where 
- WE goes low at some point within the CE high time, the 
rising edge of MS should be ignored as an indication of 
write status. The falling edge of MS is always valid 
independent of the type of operation being performed. 


For the R/M/W cycle, tEH (min.) is defined as tR (min.) 
+tCF (max.) + tDS (min.). This provides a conservative 
design with no I/O overlap and assumes that tCF begins 
at the end of the tR time. Other designs with somewhat 
shorter R/MW cycles are possible. 


the rows is selected. The 64 cells on the selected row are then 
connected to their respective bit line columns. Meanwhile, the 
column address signals (A6 through AQ) are decoded and 
used to select 4 of 64 columns for the sense amplifiers. Thus a 
single cell is connected to each output path. 


During read operations, the sensed data is latched into the 
output register and is available for the balance of the operating 
cycle. During write operations, the write amplifier is turned on 
and drives the input data onto the sense lines, up the column 
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bit lines and into the selected cell. Read and write data are 
the same polarity. 


The data buffer is three-state and unselected chips have 
their outputs turned off so that several may be wire-ored 
together. The Output Enable and Output Disable signals pro- 
vide asynchronous controls for turning off the output buffers. 


Within the storage matrix there is an extra row of simulated 
cells. This reference row is selected on every operating cycle 
in addition to the addressed row and provides internal timing 
signals that control the data flow through the memory. The 
Memory Status output signal is derived from the reference 
row and uses the same designs for its sense and buffer circuits 
as used by the data bits. 


Chip Enable 


The Chip Enable input is a control clock that coordinates all 
internal activities. The rising edge of CE begins each cycle and 
strobes the Address and Chip Select signals into the on-chip 
register. Internal timing signals are derived from CE and from 
transitions of the address latches and the reference cells. 


When the actual. access time of the part has been reached (or 
a write operation is complete), CE may be switched low if 
desired. The worst-case time as specified in the data sheet may 
be used to determine the access. Alternatively, the access or 
write-complete time indicated by the rising edge of the 
Memory Status output signal may be used. 


When CE goes low, the internal preset operation begins. The 
memory is ready for a new cycle only after the preset is 
complete. The worst-case CE low time specified in the data 
sheet may be used to determine the preset interval. Alterna- 
tively, the actual preset time is indicated as complete when 
Memory Status goes low. 


There are no restrictions on the maximum times that CE may 
remain in either state so the clock may be extended or stopped 
whenever convenient. After power-on and before beginning a 
valid operation, the clock should be brought low to initially 
preset the memory. 


Address and Chip Select 


The Address inputs are latched into the on-chip address 
register by the rising edge of CE. Addresses must be held 
stable for the specified minimum time following the rising 
edge of CE in order to be properly loaded into the register. 
Following the address hold time, the address inputs are ignored 
by the memory until! the next cycle is initiated. 


The Chip Select input acts as a high order address for use when 
the system word capacity is larger than that of an individual 
chip. It allows the Address lines to be wired in parallel to all 
chips with the CS lines then used to select one active row of 
chips at a time. Unselected chips have their output buffers off 
so that selected chips wired to the same data lines can domi- 
nate the output bus. Only selected chips can perform write 
operations. 


CS is latched in the same way that Addresses are. Once a 


memory is selected or deselected, it will remain that way 
until a new cycle with new select information begins. 


Write Enable 


The Write Enable line controls the read or write condition of 
the devices. When the CE clack is low, the WE signal may be 
in any state without affecting the: memory. WE does not 
affect the status of the output buffer. 


Am9130 « Am91L30 


To execute a read cycle, WE is held high while CE is high. To 
perform a write operation, the WE line is switched low while 
CE is high. Only a narrow write pulse width is required to 
successfully write into a cell. In many cases, however, it will 
be convenient to leave the WE line low during the whole 
cycle. 


A write cycle can take place only when three conditions are 
met: The chip is selected, CE is high, and WE is low. This 
means that if either CE goes low or WE goes high, the writing 
is terminated. 


Data In and Data Out 


The requirements for incoming data during a write operation 
show a minimum set-up time with respect to the termination 
of the write. Termination occurs when either WE goes high or 
CE goes low. If incoming data changes during a write operation, 
the information finally written in the cell will be that stable 
data preceeding the termination by the set-up time. Since the 
data being written during a write cycle is impressed on the 
sense amplifier inputs, the output data will be the same as the 
input once the write is established. 


During a read cycle, once all of the addressing is complete and 
the cell information has propagated through the sense ampli- 
fier, it enters the output data register. The read information 
can also flow through to the output if the buffer is enabled. As 
long as CE is high, the addressing remains valid and the output 
data will be stable. When CE goes low to begin the internal 
preset operation, the output information is latched into the 
data register. It will remain latched and stable as long as CE 
is low. If the output is disabled when CE is low, the output 
data register is cleared. At the start of every cycle when CE 
goes high, the output data latch is cleared in preparation for 
new information to come from the sense amplifier, and the 
output buffer is turned off. 


OE and OD are designed to provide asynchronous contro! of 
the output buffer independent of the synchronous Chip Select 
control. The OE and OD control lines perform the same 
internal function except that one is inverted from the other. 
lf either OE is low or OD is high, the output buffer will turn 
off. If the CS input is latched low and OE is high and OD is 
low, then the output buffer can turn on when data is 
available. 


Memory Status 


The Memory Status output is derived from the actual perform- 
ance of the reference row of cells. Since the reference row is 
always doing a read operation, the MS output will appear in 
every operating cycle, whether a read or write is being per- 
formed. MS uses the same output circuitry as used in the data 
path. The result is that Memory Status tracks very closely 
the true operating performance of the memory. 


The rising edge of MS indicates when output data is valid and 
tracks changes in access time with changing operating condi- 
tions. The rising edge also specifies the end of the time that 
CE must be held high for a read. CE may be high as long as 
desired, but may safely go low any time after MS goes high. 
The falling edge of MS occurs after CE goes low and the 
internal preset period is complete. It indicates that CE may 
go high to begin a new cycle. See the Am9130/40 Application 
Note for details. 
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CHARACTERISTICS 


Access Change Access Time Supply Current 
Versus Capacitive Load Versus Ambient Temperature Versus Ambient Temperature 
1.3 








1.2 
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Typical Output Currents 
Typical Icc Versus Vcc Versus Output Voltage 


Voc = 4.75V 























OUTPUT CURRENT — pA 

















1.0 
MPR-387 OUTPUT VOLTAGE — V MPR-388 


Bit Map 


























BIT 4 
CELL 1024 


DIE SIZE 0.192" X 0.197" For bit mapping purposes: 
Row address LSB = A5, MSB = AO 
Column address LSB = A6, MSB = AQ 
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Am9140 -Am91L40 


4096 x1 Static R/W Random Access Memories 


DISTINCTIVE CHARACTERISTICS 


4k X 1 organization 
Fully static data storage — no refreshing 
Single +5V power supply 
High-speed — access times down to 200ns max. 
Low operating power 
— 578mW max., 9140 
— 368mW max., 91L40 
Interface logic levels identical to TTL 
High noise immunity — 400mV worst-case 
High output drive — two standard TTL loads 
DC power-down mode — reduces power by >80% 
Single phase, low voltage, low capacitance clock 
Static clock may be stopped in either state 
Data register on-chip 
Address register on-chip 
Steady power drain — no large surges 
Unique Memory Status signal 
_— improves performance 
— self-clocking operation 
Full MIL temperature range available 
100% MIL-STD-883 reliability assurance testing 


BLOCK DIAGRAM 


ROW 
ADORESS 
BUFFERS 


ROW 
ADDRESS 
DECODER 


64 
rey 


AND 
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TIMING 
CONTROL 


COLUMN 
ADDRESS 
BUFFERS 


STORAGE CELL MATRIX 
64 x 64 
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DECODER 
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ROW 


SENSE | write 
AMP AMP 
LATCH 
INPUT 
BUFFER 


GENERAL DESCRIPTION 


The Am9140 and Am91L40 products are high performance, 
adaptive, low-power, 4k-bit, static, read/write random access 
memories. They are implemented as 4096 words by 1 bit per 
word. Only a single +5V power supply is required for normal 
operation. A DC power down mode reduces power while 
retaining data with a supply voltage as low as 1.5V. 


All interface signal levels are identical to TTL specifications, 
providing good noise immunity and simplified system design. 
All inputs are purely capacitive MOS loads. The outputs will 
drive two full TTL loads or more than eight low-power 
Schottky loads. 


Operational cycles are initiated when the Chip Enable clock 
goes HIGH. When the read or write is complete, Chip Enable 
goes LOW to preset the memory for the next cycle. Address 
and Chip Select signals are latched on-chip to simplify system 
timing. Output data is also latched and is available unti! the 
next operating cycle. The WE signal is HIGH for all read 
operations and is LOW during the Chip Enable time to perform 
a write. 


Memory Status is an output signal that indicates when data is 
actually valid and when the preset interval is completé. It can 
be used to generate the CE input and to improve the memory 
performance. 


CONNECTION DIAGRAM 


Appress6[_]1 221] Vg (+5.0V) 


ADDRESS 7[] 2 21] ] ADDRESS 0 


Appress 8[_ | 3 20 [_] ADDRESS 1 


AppREss 9 | 4 19 {_] ADORESs 2 


ADDRESS 10[ | 5 18 [_] ADDRESS 3 
Am9140 
Am91140 


16 |_| ADDRESS 5 


ADDRESS 11[_}6 17 [_] ADDRESS 4 

DATAIN| | 7 
DATA OUT[ ]8 15 |_| WRITE ENABLE 
OUTPUT DISABLE |_| 9 14 |] CHIP SELECT 
MEMORY STATUS [_]}10 


(GND) Veg [44 


13 [| OUTPUT ENABLE 


12 [_] CHIP ENABLE 


Top View 


Pin 1 is marked for orientation. 
MPR-390 


ORDERING INFORMATION 


Package 

Type 

. 0°C ST, < 470°C Am9140ADC 

Hermetic 

DIP a a 
—§5 C<Tast125 C 


6-21 


Access Time 


: Power 
Ambient Temperature 
Am9140BDC_ | Am9140CDC__{ Am9140DDC 
Am91L40ADC | Am91L40BDC | Am91L40CDC | Am91L40DDC 
STD [Am9140ADM | Am9140BDM | Amg140cDM [| sd 
LOW | Am91L40ADM | Am91L40BDM | A ee oo 


Am9140EDC 


m91L40CDM 





Am9140 « Am91L40 
MAXIMUM RATINGS above which the useful life may be impaired 














Storage Temperature —65°C to +150°C 
Ambient Temperature Under Bias —55°C to +125°C 
Vec with Respect to Vss —0.5V to +7.0V 
All Signal Voltages with Respect to Vss —0.5V to +7.0V 
Power Dissipation 1.25W 





The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. 


OPERATING RANGE POWER DOWN RANGE 










Ambient Temperature Part Number 
0’C <Ta<+70°C AM91X40XDC 
~55°C < Ta <+1 25°C AM91X40XDM 






ELECTRICAL CHARACTERISTICS over operating range (Note 1) 
Am9140 Am91L40 


Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units 


Vcc =4.76V 
Output HIGH Voltage 10H = —200nA 


v 
as Vcc =4.5V 
Output LOW Voltage lop = 3.2mMA 
cc 
1A 
Ic 





















Vcc 


Input Load Current Vss < Vin <Vec 

Output Leakage Current Vss < Vout < Vcc, Output disabled 

heey Ta = 25°C 
Output disabled A 


Input Capacitance (Address) 
COUT Output Capacitance 
Input Capacitance (Control) 






Test frequency = 1MHz 
TaA= 25°C 
All pins at OV 


~ 
oO 





. ~s 
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POWER DOWN CHARACTERISTICS Am9140 Am91L40 


Parameter Description Test Conditions Min. Typ. Max. Min. Typ. Max. Unit 


Vcc Rate of Change 
| ts | Power Down Set-Up Time 
Power Up Hold Time 


loc in Standby 
(Note 2) 


MINIMUM 
OPERATING Voc 


- 


MPR-391 
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Am9140 ¢ Am91L40 


SWITCHING CHARACTERISTICS over operating range 
READ CYCLE (Notes 7, 8, 9) 

Am9140A Am9140B Am9140C Am9140D 

Am91L40A Am91L40B Am91L40C Am91L40D Am9140E 
Parameter Description Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Unit 
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OE or OD to Output ON Delay (Note 11) 


Output Enable to CE LOW Set-Up Time (Note 12) 


Data Out to Memory Status Delay 


internal Preset Interval (Note 14) 
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SWITCHING WAVEFORMS 
READ CYCLE 


CHIP 
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Am9140 « Am91L40 


SWITCHING CHARACTERISTICS over operating range 
WRITE CYCLE (Notes 7, 8, 9) 


Am9140A Am9140B Am9140C Am9140D 
Am91L40A Am91L40B Am91L40C Am91L40D Am9140E 
Parameter Description Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Unit 
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70 
Chip Enable to Chip Select Hold Time 
Write Pulse Width (Note 10) 200 135 
Data Input Set-Up Time (Note 10) 200 
Data Input Hold Time (Note 10) 


Data Out to Memory Status Delay 


Internal Preset Interval 
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SWITCHING CHARACTERISTICS over operating range 


READ/MODIFY/WRITE CYCLE (Notes 7, 8, 9) 
Am9140A Am9140B Am9140C Am9140D 


Am91L40A Am91L40B Am91L40C Am91L40D Am9140E 
Parameter Description Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Unit 
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NOTES: 


1. Typical operating supply current values are specified for 
nominal processing parameters, nominal supply voltage 
and the specific ambient temperature shown. 


2. Typical power-down supply current values are specified 
for nominal processing parameters, the specific supply 
voltage shown and the specific ambient temperature 
shown. 


3. At any operating temperature the minimum access time, 
tA(min.), will be greater than the maximum CE to 
output OFF delay, tOH(max.). 


4. The negative value shown indicates that the Chip Select 
input may become valid as late as 5.0ns following the 
start of the Chip Enable rising edge. 


5. The worst-case cycle times are the sum of CE rise time, 
tEH, CE fall time and tEL. The cycle time values shown 
include the worst-case tEH and tEL requirements and 
assume CE transition times of 10ns. 


6. The Memory Status signal is a two-state output and is 
not affected by the Output Disable or Output Enable 
signals. If the output data buffers are turned off, Memory 
Status will continue to reflect the internal status of the 
memory. 


7. Qutput loading is assumed to be one standard TTL gate 
plus 50pF of capacitance. 


8. Timing reference levels for both input and output signals 
are 0.8V and 2.0V. 


9. CE and WE transition times are assumed to be <10ns. 


10. The internal write time of the memory is defined by 
the overlap of CE high and WE low. Both signals must 
be present on a selected chip to initiate a write. Either 
signal.can terminate a write. The tWW, tDS and tDH 
specifications should afl be referenced to the end of the 
write time. The Write Cycle timing diagram shows 
termination by the falling edge of CE. If termination is 
defined by bringing WE high while CE is high, the 
following timing applies: 


— 10S» tDH 
YY) 0 
2 re 
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FUNCTIONAL DESCRIPTION 


Block Diagram 


The block diagram for the Am9140 shows the interface connec- 
tions along with the general signal flow. There are twelve 
address lines (AO through A11) that are used to specify one 
of 4096 locations, with each location containing one bit. The 
Chip Select signal acts as a high order address. The Chip 
Enable clock latches the addresses into the address registers 
and controls the sequence of internal activities. 


The row address signals (AO through AS) and their inversions 
are distributed to the 64 row address decoders where one of 


11. The output data buffer can be ON and output data 
valid only when Output Enable is high and Output 
Disable is low. OE and OD perform the same function 
with opposite control polarity. 


12. The output data buffer should be enabled before the 
falling edge of CE in order to read output information. 
When the output is disabled and CE is low, the output 
data register is cleared. 


13. Input and output data are the same polarity. 


14. The Chip Enable waveform requirements may be defined 
by the Memory Status output waveform. For a read 
cycle, the basic CE requirement is that tEH >tA and 
tEL >tP: 


- ff VY 


Ons MIN. 


ve MIN, 
CE \ / 
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15. The Memory Status output functions as if all operations 
are read cycles. If a write cycle begins with WE low and 
Data In stable at the time CE goes high, the rising edge 
of MS may be used as an indication that the write is 
complete and CE may be brought low. In a cycle where 
WE goes low at some point within the CE high time, the 
rising edge of MS should be ignored as an indication of 
write status. The falling edge of MS is always valid 
independent of the type of operation being performed. 


16. For the R/M/W cycle, tEH (min.) is defined as tR (min.) 
+ tWW. Note 5 defines tRMWC but it may also be viewed 
as tRC + tWW. Modify times are assumed to be zero. For 
systems with Data In and Data Out tied together R/M/W 
timing should make allowance for tCF time so that no 
bus conflict occurs (see Am9130 data sheet for timing 
approach). 


the rows is selected. The 64 cells on the selected row are then 
connected to their respective bit line columns. Meanwhile, 
the column address signals (A6 through Ai1) are decoded 
and used to select one of 64 columns for the sense amplifier. 
Thus a single cell is connected into the output path. 


During read operations, the sensed data is latched into the 
output register and is available for the balance of the operating 
cycle. During write operations, the write amplifier is turned on 
and drives the input data onto the sense lines, up the column 
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bit lines and into the selected cell. Read and write data are 
the same polarity. 


The data buffer is three-state and unselected chips have 
their outputs turned off so that several may be wire-ored 
together. The Output Enable and Output Disable signals pro- 
vide asynchronous controls for turning off the output buffers. 


Within the storage matrix there is an extra row of simulated 
cells. This reference row is selected on every operating cycle 
in addition to the addressed row and provides internal timing 
signals that contro! the data flow through the memory. The 
Memory Status output signal is derived from the reference 
row and uses the same designs for its sense and buffer circuits 
as used by the data bits. 


Chip Enable 


The Chip Enable input is a control! clock that coordinates all 
internal activities. The rising edge of CE begins each cycle and 
strobes the Address and Chip Select signals into the on-chip 
register. Internal timing signals are derived from CE and from 
transitions of the address latches and the reference cells. 


When the actual access time of the part has been reached (or 
a write operation is complete), CE may be switched low if 
desired. The worst-case time as specified in the data sheet may 
be used to determine the access. Alternatively, the access or 
write-complete time indicated by the rising edge of the 
Memory Status output signal may be used. 


When CE goes low, the internal preset operation begins. The 
memory is ready for a new cycle only after the preset is 
complete. The worst-case CE low time specified in the data 
sheet may be used to determine the preset interval. Alterna- 
tively, the actual preset time is indicated as complete when 
Memory Status goes low. 


There are no restrictions on the maximum times that CE may 
remain in either state so the clock may be extended or stopped 
whenever convenient. After power-on and before beginning a 
valid operation, the clock should be brought low to initially 
preset the memory. 


Address and Chip Select 


The Address inputs are latched into the on-chip address 
. register by the rising edge of CE. Addresses must be held 
stable for the specified minimum time following the rising 
edge of CE in order to be properly loaded into the register. 
Following the address hold time, the address inputs are ignored 
by the memory until the next cycle is initiated. 


The Chip Select input acts as a high order address for use when 
the system word capacity is larger than that of an individual 
chip. It allows the Address lines to be wired in parallel to all 
chips with the CS lines then used to select one active row of 
chips at a time. Unselected chips have their output buffers off 
so that selected chips wired to the same data lines can domi- 
nate the output bus. Only selected chips can perform write 
operations. 


CS is latched in the same way that Addresses are. Once a 


memory is selected or deselected, it will remain that way 
until a new cycle with new select information begins. 


Write Enable 


The Write Enable line controls the read or write condition of 
the devices. When the CE clock is low, the WE signal may be 
in any state without affecting the memory. WE does not 
affect the status of the output buffer. 
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To execute a read cycle, WE is held high.while CE is high. To 
perform a write operation, the WE line is switched low while 
CE is high. Only a narrow write pulse width is required to 
successfully write into a cell. In many cases, however, it will 
be convenient to leave the WE line low during the whole 
cycle. 


A write cycle can take place only when three conditions are 
met: The chip is selected, CE is high, and WE is low. This 
means that if either CE goes low or WE goes high, the writing 
is terminated. 


Data In and Data Out 


The requirements for incoming data during a write operation 
show a minimum set-up time with respect to the termination 
of the write. Termination occurs when either WE goes high or 
CE goes low. If incoming data chanyes during a write operation, 
the information finally written in the cell will be that stable 
data preceeding the termination by the set-up time. Since the 
data being written during a write cycle is impressed on the 
sense amplifier inputs, the output data will be the same as the 
input once the write is established. 


During a read cycle, once all of the addressing is complete and 
the cell information has propagated through the sense ampli- 
fier, it enters the output data register. The read information 
can also flow through to the output if the buffer is enabled. As 
long as CE is high, the addressing remains valid and the output 
data will be stable. When CE goes low to begin the internal 
preset operation, the output information is latched into the 
data register. It will remain latched and stable as long as CE 
is low. If the output is disabled when CE is low, the output 
data register is cleared. At the start of every cycle when CE 
goes high, the output data latch is cleared in preparation for 
new information to come from the sense amplifier, and the 
output buffer is turned off. 


OE and OD are designed to provide asynchronous control of 
the output buffer independent of the synchronous Chip Select 
control. The OE and OD control lines perform the same 
internal function except that one is inverted from the other. 
If either OE is low or OD is high, the output buffer will turn 
off. If the CS input is latched low and OE is high and OD is 
low, then the output buffer can turn on when data is 
available. 


Memory Status 


The Memory Status output is derived from the actual perform- 
ance of the reference row of cells. Since the reference row is 
always doing a read operation, the MS output will appear in 
every operating cycle, whether a read or write is being per- 
formed. MS uses the same output circuitry as used in the data 
path. The result is that Memory Status tracks very closely 
the true operating performance of the memory. 


The rising edge of MS indicates when output data is valid and 
tracks changes in access time with changing operating condi- 
tions. The rising edge also specifies the end of the tirhe that 
CE must be held high for a read. CE may be high as long as 
desired, but may safely go low any time after MS goes high. 
The falling edge of MS occurs after CE goes low and the 
internal preset period is complete. It indicates that CE may 
go high to begin a new cycle. See the Am9130/40 Application 
Note for details. 
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CHARACTERISTICS 
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Metallization and Pad Layout 
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DIE SIZE 0.192" X 0.197” For bit mapping purposes: 
Row address LSB = A5, MSB = AO 
Column address LSB = A6, MSB = All 
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DESIGNING WITH SELF-CLOCKING, ADAPTIVE 4K STATIC R/W RANDOM ACCESS MEMORIES 
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GENERAL CHARACTERISTICS 
Introduction 


The Am9130 and Am9140 products from Advanced Micro 
Devices are 4K-bit, static, self-clocking, adaptive, read/write 
random access memories. Both types of devices use only a 
single +5 volt power supply, yet offer high speed performance 
and low power dissipations. Figure 1 lists the appropriate part 
numbers for the combinations of variables available at press 
time. As product enhancement proceeds, it is anticipated that 
higher speed parts and wider ranges of low-power and military 
temperature parts will be available. Plastic DIP packages will 
also become an option. The latest factory data sheets show all 
available variations of parts. 


The Am9130 is organized as 1024 words by 4 bits per word; 
the Am9140 is organized as 4096 words by 1 bit per word. 
Parts are available in both commercial and military tempera- 
ture ranges. Although the standard power parts offer quite low 
per-bit power dissipation, there is also a family of low-power 
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parts available. As usual at AMD, all parts are 100% reliability 
assurance tested to the requirements of MIL-STD-883. 


Figure 2 shows the pin assignments for the two memories. 
The package for both parts is a standard 22-pin dual in-line. 
Both memory configurations are manufactured from the same 
basic chip and use only specialized metal interconnect layers 
to define the structural differences. This approach allows 
several manufacturing efficiencies to be realized and permits 
each part to benefit from the combined volume of both parts. 


The Am9130 and Am9140 memories are implemented with 
AMD's LINOX N-channel silicon gate MOS technology. The 
processing and design rules are exactly the same as those used 
for some time to produce the popular Am9102 line of 1K 
static R/W memories. LINOX features physically flat struc- 
tures, triple ion-implantation, and low capacitance, high-speed 
devices. The new 4K memories are very dense with more than 
27,500 active transistors in an area of less than 37,800 mil2. 
The chip measures 192 x 197 mils with 58% of the area 
devoted to the 4096 storage cells. 


Figure 1. Part Number Matrix. 
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Figure 2. Pin Assignments. 


Design Philosophy 


Read/write random access memories are customarily divided 
into two categories based on the storage mechanism used in 
the memory cells. Dynamic memories use dynamic cells that 
store information in the form of charge on small capacitors. 
Static memories use static cells that store information in the 
form of latched currents flowing through transistors. Dynamic 
memories must be periodically refreshed in order to maintain 
the stored information. Static memories maintain the stored 
data without refreshing as long as power is applied. (Both 
types are volatile — that is, stored information is lost when 
power is removed.) 


The basic storage mechanisms of the cells contribute signifi- 
cantly to the characteristics of the overall memory, but an 
important contribution is also made by the access method 
used with a particular cell. Dynamic storage has conventionally 
been used with dynamic decoding and contro! circuitry. Simi- 
larly, static storage has traditionally used static support 
circuitry. But those associations are not necessary. Other 
combinations are possible and provide different overall specifi- 
cations. One example is provided by Advanced Micro Devices’ 
4K dynamic memories, the Am9050 and Am9060. They use 
static circuitry on some input signals in order to significantly 
improve several timing characteristics. There also exist several 
types of read-only memories that use dynamic decoding for 
improved performance. 


The Am9130 and Am9140 memories take advantage of a new 
combination that provides static storage together with a novel 
type of clocked access method. The storage cells use.a conven- 
tional, fully static design. The decoding and sensing circuits 
use a clocked static approach that has no dynamic nodes. The 
clocked circuitry allows the addition of several new features, 
increases speed and decreases power dissipation relative to 
an analogous non-clocked design. At the same time, the usual 
disadvantages of a clock have been either eliminated or mini- 
mized in these new memories. 


This philosophy, combined with Advanced N-channel MOS 
technology, has produced these new combinations of features, 
including: 


Fully static storage 

Fast access and cycle times 

Low operating power dissipation 

Self-clocking mode of operation 

Single phase, low voltage, low capacitance clock 
Static clock that may be stopped in either state 
Address register on-chip 

Output data register on-chip 

Single +5 volt power supply requirement 

Interface logic levels identical to TTL 

High output drive capability 

Nearly constant power drain; no large current surges 
DC standby mode for reduced power consumption 
Operation over full military temperature range 


Interface Considerations 


In common with other AMD static RAV RAM’s, all of the 
input and output signals for the Am9130 and Am9140 mem- 
ories are specified with logic levels identical to those of standard 
TTL circuits. The worst-case input high and low levels are 
2.0V and 0.8V, respectively; the worst-case output high and 
low levels are 2.4V and 0.4V, respectively. Thus, with TTL 
interfacing, the normal worst-case noise immunity of at least 
400mV is maintained. 
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All inputs include protection networks designed to prevent 
damaging accumulations of static charge. During normal opera- 
tion, the protection circuitry is inactive and may be modeled 
as a simple series RC. See Figure 3. The first functionally 
active connection for every input is the gate of an MOS 
transistor. No active sources or drains are connected to the 
inputs so that no transient or steady-state currents are im- 
pressed on the driving signals other than the simple charging 
or discharging of the input capacitance, plus the accumulated 
leakage associated with the protection network and the input 
gate. Input capacitances are usually around 5SpF and leakage 
currents are usually less than 1A. 


INPUT a 


MPR-404 


Figure 3. Equivalent Input Circuit. 


The output buffers can source at least 200UA worst-case and 
can sink at least 3.2mA worst-case, while still maintaining TTL 
output logic levels. Thus, the memories can drive two standard 
TTL loads or nine standard Low-Power Schottky TTL loads. 
This unusually high output drive capability allows not only 
improved fan-out, but also better capacitive drive and noise 
immunity. 


Delays in the output circuits show little variation with changes 
in the DC loads being driven. Changes with capacitive loading 
are shown by the curve in Figure 4. Access times are specified 
for a total load of one TTL gate plus 50pF of capacitance. 


CHANGE IN ACCESS — ns 





CAPACITIVE LOAD — pF 
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Figure 4. Access Change Versus Load. 


Power Supply 


The Am9140 and Am9130 memories require only a single 
supply voltage. They perform their normal operations at a Voc 
of +5-volts. The commercial temperature range parts have a 
voltage tolerance of +5%; the military temperature range 
tolerance is 10%. The worst-case current drains are specified 
in the data sheets at the high side of the voltage tolerance and 
the low end of the temperature range. In addition, the current 
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specifications take into account the worst-case distribution of 
processing parameters that may be encountered during the 
manufacturing life of the product. 


The current drain for these parts is relatively quite constant 
over their various operating cycles. Since the basic storage 
mechanism involves latched currents in each cell, there is a 
necessary cumulative current flowing at all times, even when 
the memory is not being actively accessed. The average currents 
specified are largely independent of the CE input state, or the 
condition of any of the input signals. At the falling edge of the 
CE clock, there is a brief current surge of an additional 4 to 
8mA that occurs as the decoders are being preset. 


Dynamic memories usually have quite different current charac- 
teristics. Their average power dissipation is proportional to 
their operating frequency, so that average current drain 
decreases significantly when they are cycling slowly or doing 
refresh operations only. There are very large peak currents 
associated with every cycle in a dynamic memory, no matter 
how frequently or infrequently the cycles occur. Power 
supplies and power distribution systems must be capable of 
handling these peak demands. 


Power vs. speed characteristics for the Am9130 and Am9140 
4K statics are flat horizontal lines. See Figure 5. A represen- 
tative 4K dynamic has a rising line as shown. The dynamic 
dissipation becomes higher than the regular-power static 
parts out near the high end of the speed range. The cross-over 
occurs much earlier for the low-power statics. 


The power-down mode is entered by simply bringing both CE 
and OE low and then ramping Vcc down as low as 1.5V. 
Power dissipation will fall by more than 80%. Normal cycles 
may resume when Vcc has been returned to its operating 
range. See specification sheets for further details. 


Am9130/Am9140 AVERAGE 


Am91L30/Am91L40 AVERAGE 


Am91L30/Am91L40 
POWER DOWN 


4k DYNAMIC 
AVERAGE 


Figure 5. Power Versus Speed Comparisons. 


INTERFACE SIGNALS 
Signal Flow 


Figure 6 is the block diagram for the Am9130 version and 
shows the interface connections along with the general signal 
flow. There are ten address tines (AO through AQ) that are 
used to specify one of 1024 locations, with each location 
containing. four bits. The Chip Select signal acts as a high order 
address for multiple chip memory configurations. The Chip 
Enable clock latches the addresses into the address registers 
and controls the sequences of internal activities. 





The row address signals (AO through A5) and their inversions 
are distributed to the 64 row address decoders where one of 
the rows is selected. The 64 cells on the selected row are then 
connected to their respective bit line columns. Meanwhile, 
the column address signals (A6 through AQ) have been decoded 
and used to select one of 16 columns for each of the four 
sense amplifiers. The end result is that one cell is connected 
to one sense amplifier. 


During read operations, the sensed data is latched into the 
output register and is available for the balance of the operating 
cycle. During write operations, the write amplifier is turned 
on and drives the input data onto the sense lines, up the 
column bit lines and into the selected cells. Input and output 
data signals share common interface pins. 


The output buffers use a three-state design that simplifies 
external interfacing. Unselected chips have the outputs turned 
off so that several chips may be wire-ored together easily. 
The Output Enable and Output Disable signals provide fully 
asynchronous controls for turning off the output buffers 
when desired. 


Within the storage matrix, there is an extra row of simulated 
cells. This reference row is selected on every operating cycle 
in addition to the addressed row and provides internal timing 
signals that help control the data flow through the part. The 
Memory Status output signal is derived from the reference 
row and uses the same designs for its sense and buffer circuits 
as used by the data bits. Memory Status specifies when output 
data is available and simplifies generation of Chip Enable. 


Figure 7 is the block diagram for the Am9140 version. The 
basic operation and signal flows are similar to the Am9130. 
There are two additional address lines (A10, A11), allowing 
selection of one of 4096 locations. Each location contains 
one bit so only one set of data I/O circuits are needed. Input 
and output data signals use separate interface pins. 


Chip Enable 


The Chip Enable input is a control clock that coordinates all 
internal activities. Ali active memory functions are initiated 
when CE goes high. At the completion of the active operation, 
CE goes low to preset the memory for the next cycle. There 
are no restrictions on the maximum times that CE may remain 
in either state so the clock may be extended or stopped when- 
ever convenient. After power-up and before beginning a valid 
operation, the clock should be brought low to initially prese 
the memory. 


Figure 8 illustrates a basic operating cycle for either of the 
memories. The rising edge of CE begins each cycle and strobes 
the Address and Chip Select signals into the on-chip register. 
Internal timing signals are derived from CE and from transi- 
tions of the address latches and the reference cells. Various 
control functions are activated by these timing signals as the 
addresses arid data flow through the memory. 


When the actual access time of the part has been reached (or 
a write operation is complete), CE may be switched low if 
desired. The worst-case time as specified in the data sheet may 
be used to determine the access, Alternatively, the access or 
write complete time indicated by the rising edge of the 
Memory Status output signal may be used. (See the Memory 
Status section of this Note.) It is perfectly acceptable to leave 
the CE clock high following the access time; some system 
operating modes will find it convenient to do so. A Read/ 
Modify/Write cycle, for example, will keep CE-high after the 
access until the modify and write portions of the cycle are 
finished. 
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Figure 6. Am9130 Block Diagram. 
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Figure 7. Am9140 Block Diagram. 


When CE does go low, the internal preset operation begins. 
The memory is ready for a new cycle only after the preset is 
complete. The worst-case CE low time specified in the data 
sheet may be used to determine the preset interval. Alterna- 
tively, the actual preset time is indicated as complete as soon 
as Memory Status goes low. CE may remain low as long as 
desired. 
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Address and Chip Select 


The Address inputs are binary coded lines that specify the 
word location to be accessed within the memory. The Am9130 
has 1024 word locations, any one of which may be selected 
by a ten-bit binary address (219 = 1024). The Am9140 has 
4096 locations and so uses a 12-bit address (212 = 4096). 


4 


Am9130/Am9140 


XX) 


ADR/CS 


ACCESS ——-| 


ee 


Figure 8. Basic Operating Cycle. 


The Address input signals are latched into an on-chip address 
register by the rising edge of CE. They are allowed to become 
stable at the same time that the clock goes high: The address 
set-up time is zero. They must be held stable for the specified 
minimum time following the CE rising edge in order to be 
properly loaded into the register. Once the address hold time 
has been observed, the address inputs are ignored by the 
memory until the next cycle is initiated. 


The Chip Select input acts as a high order address for use when 
the memory system word capacity is larger than the word 
capacity of an individual chip. When multiple chips are stacked 
up, the Address lines may be wired in parallel to all chips and 
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To execute a read cycle, WE is held high while CE is high. To 
perform a write operation, the WE line is switched low during 
the cycle. The data sheet for the memories shows the mini- 
mum write pulse width required to successfully complete the 
writing of information into a cell. In many cases, however, it 
will be convenient to leave the WE line low during the whole 
cycle so that no intra-cycle timing is necessary for a write 
operation. The memories are designed so that WE may remain 
low continuously as long as successive write cycles are being 
executed. 


’ A write cycle can take place only when three conditions are 


the CS lines used to individually select one active chip, or - 


row of chips, at a time. Chip Select controls the operation of 
both the output buffers and the write amplifiers. Unselected 
chips have their output buffers off so that selected chips wired 
to the same data lines can dominate the output bus. Only 
selected chips can perform write operations so the Write 
Enable control signal and the input data tines may be wired 
in parallel to several chips. 


CS is latched into the on-chip register in the same way that 
Addresses are. This means that once a memory is selected or 
deselected, it will remain that way until a new cycle with new 
select information begins. The OE and OD lines provide 
asynchronous contro! over the output buffer when that 
function is necessary on a selected chip. 


Chip Select is an active low function — that is, the input signal 
must be low at the rising edge of CE in order to select the 
chip. Most CS signals are derived from high order addresses. 
In small systems, a simple NAND gate can provide the neces- 
sary logic. In larger systems, a binary decoder (such as the 
Am25LS138) works well. In either case, the outputs are active 
low and thus directly match the input polarity of the Chip 
Select. 


Write Enable 


The Write Enable line controls the read or write status of the 
devices. When the CE clock is low, the WE signal may be any 
value without affecting the memory. This allows the line to be 
indeterminant while the using system is deciding what the next 
cycle will be. WE does not affect the status of the output 
buffer. 


6-34 


met: The chip is selected, CE is high, and WE is low. This 
means that if either CE goes low or WE goes high, the writing 
is terminated. Thus, the full minimum write pulse width must 
appear within the CE high time to perform a successful write. 


If WE is low when CE goes high to initiate a new cycle, the 
write amplifier is enabled and the write data propagates onto 
the data lines internally. However, no columns or rows are 
selected until after the address for the new cycle is decoded, 
so actual writing into the cell is delayed by the decoding 
time following CE. This delay means that the minimum write 
pulse width cannot apply when WE goes low very early in 
the cycle. 


Data In and Data Out 


The specification sheet requirements for incoming data during 
a write operation show a minimum set-up time with respect to 
the termination of the write. Termination occurs when either 
WE goes high or CE goes low. Input data may arrive earlier 
than the set-up time, where convenient. If incoming data 
changes during a write operation, the information finally 
written in the cell will be that stable data preceeding the termi- 
nation by the set-up time. The data input hold time with 
respect to the termination of write is zero. If the Am9140 
is used with the Data In and Data Out lines remaining separate, 
the input data may occupy the bus at all times, if desired. The 
valid written data is then determined by the timing of WE. 


if the Am9140 is used with the Data In and Data Out tied 
together, or if the Am9130 is used, care should be taken to 
avoid conflict between incoming and outgoing data on the 
shared lines. It is important to note that when WE is low, it 
does not turn off the output buffers; the potential conflict 
must be resolved in other ways. One convenient method is 


to tie the Output Enable line to the WE line. Then, whenever 
WE goes low to write, it also turns off the output buffer. After 
a delay long enough for the output to reach its high impedance 
state, the input data can be introduced without conflict. The 
time that WE is low should be long enough to cover the output 
turn-off delay as well as the input data set-up time. 


Since the data being written during a write cycle is impressed 
on the sense amplifier inputs, the output data will be the same 
as the input once the write is established. The conflicts occur 
with old output data that remains from a previous cycle or 
with new data that may be accessed before the write is estab- 
lished. If the write (and the associated input data) can be 
initiated while the output buffers are turned off, the conflict 
is eliminated; even if the outputs turn on, the output data will 
match the input data. 


During a read cycle, once all of the addressing is complete and 
the cell information has propagated through the sense ampli- 
fier, it enters an output data register. The read information can 
also flow through to the output if the buffer is enabled. As 
long as CE is high, the addressing remains valid and the output 
data will be stable. When CE goes low to begin the internal 
preset operation, the output information jis latched into the 
data register. It will remain latched and stable as long as CE 
is low. 


At the start of every cycle when CE goes high, the output 
data latch is cleared in preparation for new information to 
come from the sense amplifier, and the output buffer is turned 
off. This is done so that in multiple chip systems with the 
outputs bussed together, old data from one chip will not 
interfere with new data being accessed on another. 


Output Enable and Output Disable 


The OE and OD control lines perform the same internal func- 
tion except that one is inverted from the other. If either OE is 
low or OD is high, the output buffer will turn off. If the CS 
input is latched low and OE is high and OD is low, then the 
output buffer can turn on when data is available. 


QE and OD are designed to provide asynchronous control of 
the output buffer independent of the Chip Select control. This 
capability makes it easy to tie together the Data In and Data 
Out lines on the Am9140 where bussed operation is desired, 
and simplifies operation of the Am9130 which has the Data 
1/O signals internally tied. 


OD and OE will often be used to resolve contention on data 
busses, but there are other convenient uses as well. The nature 
of these memories is such that it is easy to individually clock 
each row in a memory system and to achieve an: interleaved 
mode of operation that effectively shortens the average cycle 
time. In such designs, the output buffers must be controlled 
to prevent overlap of read information from two rows that 
are tied together but clocked at different times. 


Memory Status 


Memory Status is a new, unique output signal that offers 
several important features for the memory system designer. 
It indicates when data is valid at the outputs, when CE may 
be brought low, and when preset is complete so that a new 
cycle may begin. The Memory Status signal may be completely 
ignored without affecting the operation of the memory. On 
the other hand, it has several implications that make it a 
potentially interesting and useful signal. 


A major function of the MS concept is to indicate actual 
performance of the memory rather than worst-case perfor- 
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mance. Thus, the access time indicated by Memory Status will 
always be better than the worst-case specification as long as 
the conditions and assumptions on which the worst-case 
numbers are predicated are better. Further, real operating 
results change with changing conditions and Memory Status 
follows those changes. Thus, for example, as temperature 
decreases, access time also decreases and MS tracks the change 
in access exactly. 


There are many different ways to use the Memory Status 
signal and several are illustrated in this Note. Basically it offers 
improved performance and self-timed operation, along with 
other related implications. 


INTERNAL CIRCUITRY 
Address Register 


The circuitry for the address register is shown in Figure 9. 
Inverters K and L isolate the register from the input pin and 
convert the TTL input levels to the wider logic swings used 
internally. M inverts the address so that both A and A propa- 
gate to the inputs of the register. 


Transistors 1, 3 5, and 7 are depletion devices. Transistor pairs 
1, 2 and 3, 4 form two inverters that are cross-coupled to 
provide the basic latch. Transistor pairs 5, 6 and 7, 8 are used 
to enter information into the latch. If point A goes high, then 
5 and 6 turn on and 7 and 8 turn off, forcing the latch to one 
polarity. Notice that the circuit would work without transistors 
5 or 7. They are added to minimize the propagation delay 
through the register. 


When transistors 9 and 10 are turned on, 5, 6, 7 and 8 are 
turned off and the latch is isolated from the input signal. 
When transistors 11 and 12 are turned on, the outputs from 
the register are held low and the following address decoders 
are in their preset state. 


The timing for the address register operation is shown in 
Figure 10. @B and @C are simply delayed inversions of CE. 
~A is derived from the outputs of the slowest bit position 
in the address register. During the preset state of the memory 
when the CE clock is low, both $B and ¢C are high and gA 
is low. In that condition, transistors 9, 10, 11 and 12 are all 
turned on and no signals can travel into or out of the register. 


When CE goes high to start a cycle, ¢B goes low after a brief 
delay. This turns off 9 and 10 and opens a window that 
allows the address information at the input to proceed into 
the latch. The path that generates $B is slightly longer than 
the path that the address follows to the register. This is done 
so that the address setup time relative to CE can be specified 
as zero. 


Next, @C also goes low, permitting the latch to set and the 
register outputs to travel on to the decoders. The delay from 
@B to ¢C prevents any address spiking from disturbing the 
decoding circuits. 


During the preset time, both X5 and X5 are held low, keeping 
oA low. After the active cycle starts, either X5 or X5 will 
make a transition high, depending on the state of the Address 
5 input. Thus, ¢A will go high in every memory cycle. When 
it does, transistors 9 and 10 will turn on again, closing the 
window into the latch. This prevents any changes in external 
address information from affecting the stored address. Notice 
that ¢A is dependent on the presence of address information 
and only occurs after the address has reached the register 
outputs. 
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Figure 9. Input Latch Circuit. 
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Figure 10. Input Latch Timing. 


Address Decoding 


There are 64 of the row decoder circuits shown in Figure 11. 
The decoding is done by a simple six-input gate that is selec- 
tively wired to the outputs from the six low order bits of the 
address register. Each has a unique combination of X and X 
signals on its inputs (26 = 64). Only one decoder will have all 
of its inputs low during the decoding. The other 63 gates have 
at least one input high, thus keeping the decoder output low 
and the row driver, T, off. The single selected gate allows its 
row driver to turn on. 


oA, which is derived from the transitions of the X5 signals, 
is buffered and used as @DEC, the decoder clock. When dDEC 
goes high, it passes through the selected row driver and brings 
the associated row select line high. All the other row select 
lines remain low. During the preset time when CE is low, all 
of the decoders have all of their inputs held low by @C, thus 


enabling all of the row drivers. To keep all the rows unselected, 
@DEC is low during the preset time and keeps all the select 
lines low. 


There is a simple latch connected to each of the 64 select lines. 
It holds its select line low and prevents it from floating when 
the row driver is turned off. An active (high) row select line 
flips and holds the latch in addition to driving the 64 cells 
in the row. 


Memory Cell 


The storage cells that are the heart of the memories use a 
conventional static design with six transistors. See Figure 12. 
Transistor pairs 1, 5 and 2, 6 are connected as simple inverters 
that are cross-coupled to form a bistable latch. Either tran- 
sistor 1 or 2 is turned on and defines the data state of the cell. 
Transistors 5 and 6 are depletion-mode devices that act as pull- 
ups and maintain the state of the latch as long as power is 
applied. 


The access devices permit the cell to be attached to its bit 
lines. When the cell's row select line is low, 3 and 4 are off and 
the cell is isolated from all other circuitry. When the select 
line is high, 3 and 4 are on and the cell is connected to the bit 
lines. If a read operation is in progress, the cell then pulls one 
of the bit lines low. If a write operation is being performed, 
the bit lines are driven by the data to be written and the cell 
is forced into the desired state. 


Bit and Data Lines 


Figure 13 shows the bit line column and data line organization. 
A total of 64 cells — one from each row — are connected to 
one bit line pair to form a column of cells. Columns are 
connected in parallel through the column select transistors 
to form the data lines. The data lines feed into a sense ampli- 
fier or are fed from the write amplifier. For the Am9140, all 
64 columns are connected to one pair of data lines and one set 


6-36 





Am9130/Am9140 


SELECT 
LINE 
LATCH 


MPR-412 


Figure 11. Row Decoder Circuit. 
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Figure 12. Cel! Circuit. 


of I/O circuits. For the Am9130, there are four pairs of data 
lines with four sets of !/O circuits and 16 columns are con- 
nected to each pair of data lines. 


In addition to the storage cells, each column contains the 
reference row transistors and two other circuits labeled in the 
figure as EQ and BLL. The EQ circuit is active only during the 
preset time when CE is low. It is used to balance and equalize 
the bit lines and bring them to a voltage level somewhat below 
Vec- The same EQ circuit is also used with the data lines. 
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The BLL circuit is a Bit Line Latch that is inactive during 
preset and is used during the active portion of the cycle to 
help the selected cell discharge the capacitive load presented 
by the bit and data lines. It is controlled by @L, a timing 
signal derived from the reference row. 


The row driver, T, for the reference row is always enabled 
and the reference row is therefore selected by DEC on every 
cycle. The two reference transistors in each column are the 
same as the access devices in each cell that are driven by the 
other row Select lines. When the reference row select signal has 
propagated all the way to the end of the row, it is buffered 
and used to generate @L. When @L is true, the BLL is enabled 
and follows the state of the bit lines as set by the selected cell 
in that column. 


The column decoders work much the same way as the row 
decoders, except that they are not turned on and off by a 
decode clock. During an active cycle, only one column is 
connected to one pair of data lines. 


Sense Amplifier 


A unique feedback amplifier detects the state of the data 
lines to provide read data for the output. The circuit in Figure 
14 shows a simple differential amplifier (transistors 2, 3, 4, 5) 
with a pedestal! voltage established by transistor 1. The output 
from the differential stage is fed back to influence the pedestal 
via transistors 6, 7 and 8. Notice that differential signals are 
balanced out and eliminated from the feedback loop. But 
supply voltage, temperature and process variations cause 
common mode shifts that are compensated for. 


The output of the differential stage also goes to a latch circuit 
that squares and buffers the amplified signal. The latch simply 
follows the data that flows into it and feeds information to 
the output data register. 
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Figure 13. Bit and Data Line Organization. 


Data I/O Stages 


The output stage shown in Figure 15 includes the output data 
register plus the output control logic plus the output buffer. 
Information from the sense amplifier can flow into and 
through the register and on to the output pin at the access 
time. As long as the CE clock is high, the cell addressing will 
be valid and the sense amplifier and output can remain stable. 
When CE goes low, the register inputs are isolated from the 
sensed data and the output can stay valid until CE next 
goes high. 


There are several signals that can turn off the output buffer. 
Only’ when they are all simultaneously in the necessary state 
will the output turn on. When CE goes high, the output will 
turn off until the access time arrives as indicated by ¢L. When 
CS is latched high, the output will be off. When OE is low the 
outputs will be off. When OD is high the outputs will be off. 


The write amplifier control logic only allows a write to take 
place ona selected chip with the CE high and the Write Enable 
low. Note that the WE line does not affect the output buffer. 
On the Am9130, the data input and output signals are tied 
together and share common interface pins. 
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Memory Status Circuit 


The Memory Status output is derived from the internal @L 
timing signal that is in turn derived from the true perfor- 
mance of the reference row. MS uses the same output buffer, 
control logic, register and sense amplifier circuitry as used in 
the data path. Even where a control gating function is absent, 
the circuitry is included but disabled. At the input to the MS 
sense circuit, a pseudo data line pair is created that is directly 
analogous to the storage cell data lines, including the EQ and 
column select devices. The result is that Memory Status 
tracks the output data very closely under all operating con- 
ditions. 


Since the final output circuits are the same for both MS and 
Data, they respond identically to variations in loading. If the 
data output is heavily loaded, then similar equivalent loading 
should be used on the Memory Status output in order to 
maintain their responses relative to each other. 


The MS output is always enabled and never enters a three- 
state off mode. Even on an unselected chip, the MS signal 
continues to reflect the status of the memory. 
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Figure 14. Sense Amplifier Circuit. 
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Figure 15. Data §/O Stages. 
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Figure 16. 1k x 8 R/W Memory for Am9080A. 


SYSTEM DESIGNS 


Interface Timing 


The specification sheets for the Am9130 and Am9140 show 
the various input requirements and output responses for the 
memories. In each case, the parameters shown are worst-case 
in order to fully describe the operational limits of the parts. 
But many system situations allow the timings to be greatly 
simplified. For example, in small memories that are only one 
chip deep, the Chip Select signal may not be required and CS 
may be tied low. Similarly, in many instances OD may be 
tied low or OE may be tied high or both. 


In some circumstances, it may be quite convenient to leave 
the addresses stable longer than the parts require. The falling 
edge of CE might be used by the associated system to initiate 
the derivation of a new address and the decision about reading 
or writing the next cycle. Those signals can then stay stable 
until the following decision time. 


it will quite often be easy to leave the Write Enable line low 
during all of the CE high time of a write cycle. This eliminates 
some intra-cycle timing of the write pulse. The WE line may 
be any value as longas CE is low. Similarly, it will also be easy 
to have the Data In information available during the time 
that WE is low — indeed, WE will often be useful as the 
control line for gating the incoming data on and off. 


Many times CE can be easily and directly derived from other 
signals in the using system. Figure 16 shows an example of a 
smali memory for a microprocessor. Two Am9130 parts form 
a 1K x 8 memory for an Am9080A. The processor supplies the 
Addresses and the chip select signals. The Am8228 System 
Controller associated with the processor supplies the MEMR 
and MEMW control lines as well as a buffered data bus. A10 
is inverted and used for the Chip Select signal, placing the 
addressing range in the second 1K of system memory. For 
larger systems or different configurations, other select logi¢ 
may be required. 








The Controller can request a Memory Read or a Memory Write 
operation. The NAND gate shown generates a CE when either 
request is made. When MEMR is high, the output buffers are 
turned off via the OD control. When MEMR is true the memory 
output will be connected to the data bus. When MEMW is low, 
a write operation is performed at the specified address. There 
is always sufficient time between operation requests for the 
memory to be fully preset. 











Am9130/Am9140 


CYCLE REQUEST. 
ADDRESSES 0~9 


ADDRESS 10 Am9130 


READ/WRITE wx4 


Am9130 
wkX4 


Am9130 Am9130 
1kX4 1kX4 


—< 
DATA 1/0 


MPR-418 





Figure 17. 2k x 12 Memory System. 


Small Memory Arrays 

As an illustration of a conventional approach for operating 
multiple chips, Figure 17 shows a convenient way to connect 
six Am9130 chips to make a 2K x 12 memory. The Chip 
Enable clock is wired in parallel to all six chips, as are the ten 
Address lines and the R/W control line. Output Disable is tied 
to ground, allowing Output Enable to provide asynchronous 
external control of the output buffer status. OE is tied to 
Write Enable so that the R/W line turns off the output buffers 
when it goes low during a write cycle. 


Address 10 and its inversion are used to select one of the two 
rows of chips for each operating cycle. As long as A10 is low, 
the upper row will respond to the clock and will communicate 
on the data bus while the lower row is deselected and can 
neither read nor write. When A10 is high the row roles are 
reversed. 


The Data 1/O lines have corresponding bits tied together in 
vertical columns. The control logic is arranged so that only 
one of the output buffers at a time will drive an I/O line, 
and only one chip at a time will write from an I/O line. 


The type of memory illustrated is easily expanded to many 
different capacities. An 8K x 16, for example, could be imple- 
mented with 32 Am9140 chips (16 in each row), using the 
same control line configuration, plus two more address lines. 


Driving and buffering limitations for both the inputs and 
the outputs will be dictated by a) accumulated leakage currents 
and b) accumulated capacitance. On an address line, for 
example, many chips may be driven in parallel from a standard 
TTL output. As the number of chips goes up, the leakage 
currents in the MOS memory gradually become a significant 
load for the TTL output especially in the high logic level state. 
Similarly, many paralle! inputs will present a capacitive load 
that will degrade the rise and fall characteristics of the signal. 





Added buffering will usually only be necessary when the 
transition times begin to cause the overall system delays to 
be excessive. 


As the capacity of systems like the one in Figure 17 grows, 
decoding of the Chip Select information gradually involves 
a little more logic. If the memory was 3K x 12, for example, 
it might be implemented with three rows of Am9i30 chips. 
Select information is then needed to assure that only one of 
the rows at most is active at a time. A one-of-three decoder 
is easy to implement from two address lines with simple gates 
as shown in Figure 18. As the number of rows to be selected 
grows, however, both the wiring and the gate count tend to 
get much more complex. 
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Figure 18. Chip Select Decoding. 


Another approach (also shown in the Figure 18) takes ad- 
vantage of MSI binary decoders like the Am25LS138 or 
Am25LS139. Both offer package count advantages, especially 
as the system gets bigger, and control logic is included that 
permits deselection of all rows. This can be handy for power- 
down situations and some other circumstances. Notice that 
the output polarity is such that the decoders interface directly 
with the memory chips. 


The Am9140 can be converted to a common I/O instead of a 
separate I/O device simply by wiring together the Data In and 
the Data Out lines. When that is done, the same precautions 
suggested for the Am9130 concerning bus contention should 
be observed. Conversion of the Am9130 from common to 
separate I/O is only slightly more complex. The Am2915 
(or Am2905) is a quad three-state bus transceiver. When 
connected as illustrated in Figure 19, it serves to create the 
bus needed by the Am9130 from separate input and output 
data. It even includes convenient registers on both sides. For 
a circuit without the registers and other control features of 
the Am2915, try the Am8T26. Both are four bits wide and 
so match up nicely with a column of Am9130 chips operating 
in parallel. 
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Am9130 DATA I/O 


Am2915 
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Figure 19. 


Memory Status Timing 


Figure 20 shows the timing information conveyed by the MS 
output. The rising edge indicates that output data is valid and 
makes a convenient strobe for output to the rest of the system. 
See Figure 20a. When several chips are being used in parallel, 
the Memory Status signal from the slowest chip should be the 
strobe in order to assure that all the data bits are available and 
valid. There is a bricf nominal delay from the worst-case out- 
put data to the rising edge of MS. That time is always greater 
then zero under similar loading conditions for the two signals. 
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CHIP 
ENABLE 


MEMORY 
STATUS 


CHIP 
ENABLE 


MEMORY 
STATUS 


MEMORY 
STATUS 


MPR-421 





Figure 20. Memory Status Information. 


The front edge of MS also specifies the end of the time that 
CE must be held high for that operation. See Figure 20b. 
Though CE may be high as long as desired, it may safely go 
low any time after MS goes high. MS will stay high until the 
internal preset operation is complete. Thus, it will not go low 
until some time after CE goes low and the total time that 
MS is high depends not only on the actual operating conditions 
of the memory, but also the delay from MS high to CE low. 


The falling edge of MS specifies that the memory is ready 
for a new operation to be initiated. See Figure 20c. When 
several chips are operated in parallel, the latest falling edge will 
indicate the earliest time that their CE should go high. The 
chip with the longest access time will also be the chip with the 
longest preset time. The picture in Figure 21 shows an MS 
waveform during a simple read cycle. 
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Figure 21. Read Cycle Waveforms. 


Am9130/Am9140 


Memory Status is derived from the selection of the row of 
reference cells and the reference row is always doing a read 
operation. Thus, the MS output will appear in every operating 
cycle, whether a read or a write is being performed. If the 
Write Enable line is low at the start of the cycle, and if the 
input data are present at the same time, MS may be considered 
a valid indication that the write is complete and CE may be 
switched low. However, if WE is not low or input data are not 
present until sometime later in the cycle, then the worst-case 
write timing requirements as shown in the specification sheet 
must be observed, independent of indications from the rising 
edge of MS. The falling edge of MS will be fully valid in any 
type of cycle. 


Since the requirements for the two transitions of the Chip 
Enable clock can be fully specified by the transitions of the 
Memory Status output, these memories can be effectively self- 
clocking. The MS output may be inverted and then used as the 
CE input as shown in Figure 22. Not only will the memory run 
properly, but it will run at its best frequency for any given set 
of operating conditions and it will change that frequency as 
the conditions change. There are many potential capabilities 
implied by the Memory Status concept, including: adaptive 
self-timed memories, true asynchronous operations, elimina- 
tion of support circuit skews, temperature compensation, new 
memory architectures, improved speed/power ratio, etc. 


cE 
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Figure 22. The Self-Clocking Memory. 


Memory Status Coordination 


Figure 23 shows logic for combining multiple Memory Status 
signals. Gate A is used to detect when both MS outputs are 
high indicating that output data is available. Similarly, gate B 
detects that both MS outputs are low, indicating that the 
preset period is complete for both chips. The system associated 
with the memory can use this information to coordinate the 
flow and the generation of the CE clock. Essentially, this logic 
allows the slowest chip to govern the overall memory speed. 
The inputs to the coordinating logic can of course be expanded 
to handle as many chips.as desired. 


To combine these two pieces of status information, a simple 
cross-coupled latch can be added as shown in Figure 24. Since 
there are times when neither condition is true, the latch 
serves to maintain the previous status indication until a new 
state is valid. The result is a System Status signal that specifies 
for the system the same information that each MS signal 
specifies for an individual! chip. 


The clock may be derived independently for synchronization 
with the using system. Alternatively, the System Status signal 
may be inverted and used for the CE clock as indicated by the 











dotted line. The timing for this arrangement is shown in 
Figure 25. The memory will free-run. at its best speed and 
the System Status will provide a synchronizing signal for use 
by the rest of the system. 
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Figure 23. Status Coordination Logic. 
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Figure 24. Clock Generation Logic. 
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Figure 25. Status Timing. 
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Handshaking Control 


For systems that cannot be memory-driven, some means of 
controlling the clocking is needed. To permit the memory 
to single-step, a gate can be inserted in the dotted line of 
Figure 24 with a control line to turn the clock on or off. A 
more versatile and more asynchronous approach is illustrated 
in Figure 26. An additional latch is added to generate the 
clock so that the status information is derived independent of 
the clock control. 


When the Cycle Request input is low, the memory will preset 
and prepare for an active cycle. When all is ready, Status 
Acknowledge will go low. When CR goes high, the memory 
will execute a cycle and will acknowledge conditions of access 
by bringing SA high. CR and SA then form a simple asynchro- 
nous handshaking pair for memory control. Notice that CR 
may go high at any time to start a cycle. If the chips are ready 
(SA low), the clock will proceed, but if preset is not complete 
(SA high) the memory will wait before initiating the requested 
cycle. 


The timing for CR is quite simple. It should be held high until 
SA goes low. If SA is already low, a narrow CR pulse will 
suffice. Thus, a brief Cycle Request will cause the memory 
to execute one complete cycle and stop. If CR is held high, the 
memory will access (SA goes high) and then will leave the 
clock high until CR goes low. This allows Read/Modify/Write 
operations to be performed quite easily. 


Advanced Micro Devices has designed a Low-Power Schottky 
support circuit for use with these memories. It integrates all 
of the logic for coordinating several Memory Status signals 
and for controlling the CE clock. It uses the same basic ap- 
proach as shown here. Please contact the factory for details. 


Interleaved Operation 


With the clock derived Socally within the memory from the 
MS signals, and with the clocking logic integrated on a single 
chip, it becomes convenient to individually clock each row of 


Am9130/ 
Am9140 


Am9130/ 
Am9140 


ACKNOWLEDGE 





Am9130/Am9140 


a memory system. An example configuration is shown in 
Figure 27, with each support logic block being similar to the 
circuitry previously discussed. Each row is clocked only when 
it is addressed by the Chip Select signal (AO or AO). Unselected 
rows wait in their preset state until they are selected and 
clocked. The Cycle Request input is steered to the selected 
row by added logic. The Status Acknowledge outputs are 
three-state and only the SA for the selected row is turned on. 
The selected row will proceed when its preset is complete. 
When the data from the requested operation is available, 
the Status Acknowledge output goes high. The using system 
can then request another operation immediately once a new 
address is ready. 


Independent clocking of each row adds little support circuit 
complexity while providing increased overall performance 
in two ways. First, the speed of each access is limited only 
by the slowest device in the selected row rather than the 
slowest device in the whole array. Secondly, successive opera- 
tions in different rows will be faster because the wait for preset 
is eliminated; one row will preset while another is being 
accessed. Notice that the low order bit is used as the Chip 
Select address. In many systems, this will improve the distri- 
bution of alternate accesses for sequential information by 
mapping even addresses in one row and odd addresses in the 
other. 


In any event, no matter where the operation is addressed or 
when it is requested, the memory will respond in the best 
possible time. The Cycle Request and Status Acknowledge 
signals form a true asynchronous handshaking pair. All of the 
variations in performance caused by the timing of the request, 
the row addressing patterns, the speeds of the individual chips 
and the memory operating conditions are automatically 
reflected in the response of the Acknowledge signal. An 
interesting challenge will be to design using systems that can 
take advantage of this unusual capability. 
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Figure 26. Handshaking Control. 
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Figure 27. 2k x 16 Interleaved Memory System. 


Am2900 Family Applications Literature 





The Microprogramming Handbook 


A 16-Bit Microprogrammed Computer 


A High Performance Disc Controller 


An Emulation of the Am9080A 


Microprogram Design with the Am2900 Family 


The Microprogramming Card 


A 44-page book providing examples of the 
design of microprogram control systems 
and an explanation of the techniques used 
in programming these machines. 


Order AM-PUB029 Price $5.00 


The complete design of a 16-Bit 
Minicomputer covering specification, 
management, architecture, and detailed 
design of the ALU, Memory, DMA channel, 
interrupt system, and control unit. 48 
pages. 

Order AM-PUBO30 _——~Price $5.00 


This book covers the detailed design of a 
controller. Specifically it is an interface 
between a Pertec disc and a DEC PDP-11® 
minicomputer. Most controllers will be 
architecturally similar. Includes schematics 
and microcode. 


Order AM-PUB065 Price $5.00 


This book describes a 2900 based system 
which executes instructions of the 
Am9080A MOS microprocessor. It operates 
about 4 times faster than the Am9080A and 
leaves space for user defined instructions 
in addition to the standard instruction set. 


Order AM-PUB064 Price $5.00 


A discussion of the “instruction-cracking” 
problem in microprogrammed machines. 
Discusses ways to translate op codes into 
microprogram addresses and control lines. 


Order AM-PUB069 Free 


This pocket sized card gives the block 
diagrams, pin-outs, and instruction sets for 
most Am2900 products. Also includes 
AMDASM summary. 


Order AM-PUB068 Free 
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A COMMITMENT TO EXCELLENCE 


Advanced Micro Devices was conceived on the premise that there was a place in the semiconductor community 
for a manufacturer dedicated to excellence. 


In product assurance procedures, Advanced Micro Devices is unique. Only Advanced Micro Devices processes 
all integrated circuits, commercial as well as military, to the demanding requirements of MIL-STD-883. The 
Rome Air Development Center (RADC), which is the Air Force’s principal authority on component reliability, has 
issued MIL-HDBK-217B which indicates that parts processed to Military Standard 883, Level C (Advanced Micro 
Devices’ standard processing) yield a product nearly ten times better in failure rates than the industry commer- 
cial average. 


Our Sunnyvale facility has been certified by the Defense Electronics Supply Center (DESC) to produce parts to 
JAN Class B and C under Military Specification MIL-M-38510. The National Aeronautics and Space Administra- 
tion (NASA) has certified this production line for the manufacture of Class A products for programs requiring the 
highest levels of reliability. Advanced Micro Devices is the only integrated circuit company formed within the last 
ten years to achieve such line certification. 


This brochure outlines Advanced Micro Devices’ standard programs for Class B, C and A devices for military 
and commercial operating range applications. These will cover the majority of system requirements today. Alter- 
native screening flows for specific user needs can be performed on request. Check with your local sales office 
for further information. 





ADVANCED MICRO DEVICES’ STANDARD PRODUCTS 
ARE MANUFACTURED TO MIL-STD-883 REQUIREMENTS 


Advanced Micro Devices’ product assurance programs are based on two key documents. 
MIL-M-38510 — General Specification for Microcircuits 
MIL-STD-883 — Test Methods and Procedures for Microelectronics 


The screening charts in this brochure show that every integrated circuit shipped by Advanced Micro Devices 
receives the critical screening procedures defined in MIL-STD-883, Method 5004 for Class C product. This includes 
molded plastic devices. 


In addition, documentation, design, processing and assembly workmanship guidelines are patterned after MIL-M- 
38510 specifications. 


Commercial and industrial users receive the quality and reliability benefits of this aerospace-type screening and 
documentation at no additional cost. 


STANDARD PRODUCT TESTING CATEGORIES 


Advanced Micro Devices offers integrated circuits to four standard testing categories. 


1. Commercial operating range product (typically O°C to 70°C) 
2. Commercial product with 100% temperature testing 

3. Military operating range product (typically —55°C to +125°C) 
4. JAN qualified product 


Categories 1, 2 and 3 are available on most Advanced Micro Devices circuits. Category 4 is offered on a more 
limited line. Check with your local sales office for details. 


STANDARD PRODUCT ASSURANCE CATEGORIES 


Devices produced to the above testing categories are available to the three standard classes of product assurance 
defined by MIL-STD-883. As a minimum, every device shipped by Advanced Micro Devices meets the screening 
requirements of Class C. 


Class C — For commercial and ground-based military systems where replacement can be ac- 
complished without difficulty. 


According to MIL-HDBK-217B, this assures relative failure rates 9.4 times better than that of regu- 
lar industry commercial! product. 


Class B — For flight applications and commercial systems where maintenance is difficult or expensive 
and where reliablity is vital. 


Devices are upgraded from Class C to Class B by burn-in screening and additional testing. 


According to MIL-HDBK-217B, Class B failure rate is improved 30 times over regular industry 
commercial product. Advanced Micro Devices Class B processing conforms to MIL-STD-883 re- 
quirements. MIL-HDBK-2178B indicates that this may provide failure rates as much as two times 
better than some other manufacturers’ “equivalent” or “pseudo” Class B programs. 


For space applications where replacement is extremely difficult or impossible and reliability 
is imperative. 


Class S screening includes x-ray and other special inspections tailored to the specific require- 
ments of the user. 


The 100% screening and quality conformance testing performed within these Advanced Micro Devices pro- 
grams is shown in TABLES I, Il and Ill. A full description of the process flow is provided in Product Assurance 
Document 15-010, available on request. 





CLASS C SCREENING FLOW 
FOR COMMERCIAL SYSTEMS AND GROUND BASED MILITARY SYSTEMS 


TABLE | COMMERCIAL oo MLITARY. 
OPERATING RANGE OPERATING RANGE 









CLASS C 
INTEGRATED CIRCUITS HERMETIC AND ae HERMETIC 
MOLDED PACKAGES 
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Commercial 
Product 
Screening Procedure per MIL-STD-883 With 100% ee 
Method 5004, Class C Temper- : _ Jan. 
—+ Commercial ature Military Qualified 
| Screen Test Method Product Testing Product Product | 
VISUAL AND MECHANICAL ae S . cS 7 8 
Internal visual 2010, Condition B 100% 100% 100% 
High temperature 1008, Condition C, ; a 
storage 24 hours 100% 100% 100% Ao 100% | 
Temperature cycle * 1010, Condition C 100% 100% 100% . 100% 
Constant 













acceleration 2001 100%. | : 100% : 


Hermeticity, Fine 
and Gross 


FINAL ELECTRICAL TESTS 


100% (1) 100% (1) 



















100% 100% 
"38510 Slash 


: Sheet 
rat 


100% 100% 


1014 100% (1) 100% (1) 


AMD Data 
Sheet Sheet 



































Static (dc) 















a) At 25°C, and power 
supply extremes 
b) At temperature 
and power 
supply extremes 
a) At 25°C, and power 
supply extremes 
b) At temperature 
and power 
supply extremes 
At 25°C, nominal 
power supply 


5005, Group A 
(See Table II) 


Group B 
Group C 
Group D 






100% 













100% (3) 





Functional 






100% 












100% (3) 









Switching (ac) 
or Dynamic 


QUALITY CONFORMANCE 






2) oe ee 

























Sample Tests 








TABLE Il . 
GROUP A QUALITY CONFORMANCE LEVELS 


Advanced Micro Devices employs the military-recommended LTPD sampling system to assure quality. MIL- 
STD-883, Method 5005, TABLE |, Group A, subgroups 1 through 9 as appropriate to the device family are 
performed on every lot. Quality levels defined for Class B product are applied by Advanced Micro Devices to 
both Class B and Class C orders. INITIAL 

LTPD SAMPLE SIZE 


Subgroup 1 — Static tests at 25°C 

Subgroup 2 — Static tests at maximum rated operating temperature 

Subgroup 3 — Static tests at minimum rated operating temperature 

Subgroup 4 — Dynamic tests at 25°C — LINEAR devices 

Subgroup 5 — Dynamic tests at maximum rated operating temperature 
— LINEAR devices 

Subgroup 6 — Dynamic tests at minimum rated operating temperature 
— LINEAR devices 

Subgroup 7 — Functional tests at 25°C 

Subgroup 8 — Functional tests at maximum and minimum rated 
operating temperatures 

Subgroup 9 — Switching tests at 25°C — DIGITAL devices 

Subgroup 10 — Switching tests at maximum rated operating 
temperatures — DIGITAL devices 

Subgroup 11 — Switching tests at minimum rated operating 
temperatures — DIGITAL devices 





*These subgroups, where applicable, are usually performed during initial characterization only for all except JAN Qualified product. 
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CLASS B SCREENING FLOW 
FOR HIGH RELIABILITY COMMERCIAL AND MILITARY SYSTEMS 























TABLE Ill 
CLASS B COMMERCIAL MILITARY. 
INTEGRATED CIRCUITS OPERATING RANGE OPERATING RANGE 





HERMETIC 


(Class C plus burn in screening 
PACKAGE ONLY 


and additional testing.) MOLDED PACKAGES 
B2 
Commercial 
Product 
With 100% 
Temper- 
ature 
Testing 


















Screening Procedure per MIL-STD-883 
Method 5004, Class B 


|___Screen | __Tost Method 


VISUAL AND MECHANICAL 
Internal visual 
High temperature 







Jan 
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Product 
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Product 
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Product 





















2010, Condition B 100% 100% 


1008, Condition C, 
2 














storage 4 hours 100% 100% 
Temperature cycle 1010, Condition C 100% 100% 
Constant 
























acceleration 2001 100% (1) 100% (1) 


Hermeticity, Fine 
and Gross 


BURN IN 
Interim (pre burn 
in) electricals 


Burn in 













1014 100% (1) 100% (1) 





















Per applicable 
device specification 


1015, 160 hours at 
125°C or equivalent. 









100% 100% 





100% 


AMD Data 
Sheet 


100% 












FINAL ELECTRICAL TESTS 





a) At 25°C, and power 


Static (de 
supply extremes 






b) At temperature 
and power 
supply extremes 


a) At 25°C, and power 
supply extremes 


b) At temperature 
and power 
supply extremes 


At 25°C, nominal 
power supply 


5005, Group A 
(See Table Il) 


Group B 
Group C 
Group D 
2009 (Note 5) 












Functional 


















Switching (ac) 
or Dynamic 


QUALITY CONFORMANCE 






















Sample Tests 

















EXTERNAL VISUAL 





Notes: 1. Not applicable to molded packages. 
2. All MOS RAMs and many other MOS devices receive a.c. testing and 100% d.c. screening at high temperature and power supply 
extremes as standard. Other products sampled at Group A (Table Ill). 
3. Tested at high temperature, 100°C, only on commercial range product. Note that this is a full d.c. check of all parameters in 
addition to the simple “hot-rail” functional sequence performed on most other commercial programs. 
4. Available to special order. 
5. Without optical aid for commercial devices. 


CLASS S$ 
FOR AEROSPACE SYSTEMS. (FORMERLY CLASS A) 


Advanced Micro Devices offers a Class S program based on screening defined in MIL-STD-883, Method 5004. 


This program together with other high reliability screening options, such as SEM and x-ray, is described as Option A 
in Advanced Micro Devices’ Extended Processing Options Document 00-003. Contact your local Advanced Micie 
Devices sales office for more information. 
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STANDARD PRODUCT 
SCREENING SUMMARY AND ORDERING INFORMATION 


1. COMMERCIAL PRODUCT 


e Screened per MIL-STD-883, Method 5004. 

e Electrically tested per AMD Data Sheet. 

@ Supplied in hermetic and molded packages. 

@ Quality conformance testing, Method 5005, Group 
A, performed to levels specified for Class B on both 
Class C and Class B options. 


Class C (Flow C1) 


@ Order standard AMD part number. 
@ Marked same as order number. 
Example: Am2901ADC 


Class B (Flow B1) 


@ Burn in performed in AMD circuit condition. 

@ Order standard AMD part number, add suffix B (or 
/883B for 1, 2 and 300 Series Linear devices). 

@ Marked same as order number. 


Example: Am2901ADC-B 


. MILITARY PRODUCT 


e Screened per MIL-STD-883, Method 5004. 

@ Electrically tested per AMD Data Sheet. 

@ Supplied in hermetic package only. 

® Quality conformance testing, Method 5005, Group 
A, performed to levels specified for Class B on both 
Class B and Class C options. 


Class C (Flow C3) 


e@ Order standard AMD part number. 
e@ Marked same as order number. 
Example: Am2901ADM 


Class B (Flow B3) 


Burn in performed in AMD circuit condition. 

AC at 25°C, de and functional testing at 25°C as well 

as temperature and power supply extremes per- 
- formed on 100% of every lot. 

Quality conformance testing, Method 5005, Groups 

B, C and D available to special order. 

Order standard AMD part number, add suffix B. 

Marked same as order number. 

Example: Am2901ADM-B 


2. COMMERCIAL PRODUCT WITH 100% 


TEMPERATURE TESTING 


@ Identical to standard commercial operating range 
product with the addition of 100% de and functional 
testing at 100°C and power supply extremes. 


Class C (Flow C2) 
@ Order standard AMD part number, add suffix T. 
@ Marked same as order number. 

Example: Am2901ADC-T 


Class B (Flow B2) 


@ Burn in performed in AMD circuit condition. 
e@ Order standard AMD part number, add suffix TB. 
@ Marked same as order number. 

Example: Am2901ADC-TB 


. JAN QUALIFIED PRODUCT 


e Screened per MIL-STD-883, Method 5004. 

e Electrically tested to JAN detail specification (slash 
sheet). 

e@ Manufactured in Defense Logistics Agency cer- 
tified facility. 

@ Quality conformance testing, Method 5005, Groups 
A, B, C and D performed as standard and must be 
completed prior to shipment. 

It is a product for which AMD has gained QPL 
listing. * 

Class C (Flow C4) 

e@ Order per military document. 

@ Marked per military document. 

Example: JM38510/44001CQB 


Class B (Flow B4) 


e@ Burn in performed in circuit condition approved for 
JAN devices. 
@ Order per military document. 
@ Marked per military document. 
Example: JM38510/44001BRC 


*In certain cases where JAN Qualified product is specified but is not available, Advanced Micro Devices can provide devices to the 
electrical limits and burn-in criteria of the slash sheet. This class of product has been called JAN Equivalent and marked M3851 0/ by some 
manufacturers. This identification is no longer permitted by DESC. Check with your local sales office for availability of specific device 


types. 
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Parameters 


.155 


Notes: 1. Standard lead finish is bright acid tin plate or gold plate. 
2. db applies between L, and Lo. pb, applies between L, and 0.500” 
beyond reference plane. 
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MOLDED DUAL IN-LINE PACKAGES (Cont.) 
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Notes: 1. Standard lead finish is tin plate or solder dip. 
2. Dimension E2 Is an outside measurement. 
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Notes: 1. Load finish b is tin plate. Finish c is gold plate. 
2. Used only for LM108/LM108A. 
3. Dimensions E and D allow for off-center lid, meniscus and glass overrun. 
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[bs 015 | oto | 015 | | 015 | .o19 | 015 | .o19 | 017 | 023 | 
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Notes: 1. Lead finish b is tin plate. Finish c is gold plate. 
2. Dimensions E; and D, allow for off-center lid, meniscus, and glass overrun. 
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SALES OFFICES ANO REPRESENTATIVES 


SOUTHWEST AREA 
Advanced Micro Devices 
9595 Wilshire Boulevard 
Suite 401 
Beverty Hills, Caktornia 90212 
Tel: (213) 278-9700 

(213) 278-9701 
TWX: 910-490-2143 


Advanced Micro Devices 
1414 West Broadway Road 
Suite 239 

Tempe, Arizona 85282 

Tel: (602) 244-9511 
TELEX: 668-325 

TWX: 910-951-4216 


Advanced Micro Devices 
1201 Dove Street 
Suite 250 

Beach, CA 92660 
Tol: (714) 752-6262 


NORTHWEST AREA 
Advanced Micro Devices 
10050 No. Wolfe Road 
Bldg. Sw2 

Suite 230 

Sop taoe eam CA 95014 © 


MID-AMERICA AREA 
Advanced Micro Devices 
2625 Butterfield Road 
Suite 225N 

Oak Brook, Winois 60521 
Tel: (312) 323-9600 


Tel: - 
Teoececwe 12 7-] 360 rwx sidase 2205 


TWX: 910-339-9280 


Advanced Micro Devices 
7100 Broadway 

Bldg. 6, Penthouse 

Suite Q 

Denver, CO 80221 

Tel: (303) 427-3307 

TWX: 910-931-2562 


Advanced Micro Devices 
6443 S.W. Beaverton Highway 
Suite 410 

Portland, OR 97221 

Tel: (503) 292-2666 

TWX: 910-464-4792 


Advanced Micro Devices 
8009 34th Ave. S. 
Bloomington, Minnesota 55420 
Tel: (612) 854-6500 

(612) 854-6520 
Advanced Micro Devices 
13771 No. Central Expy. 
Suite 1008 
Dallas, Texas 75243 
Tet: (214) 234-5886 
TWX: 910-867-4795, 
Advanced Micro Devices 
Commerce Center 
1631 N.W. Professional Plaza 
Suite 204 
Columbus, OH 43220 
Tat: (614) 457-7766 
Advanced Micro Devices 
33150 Schoolcraft 
Livonia, Michigan 48150 
Tel: (313) 425-3440 
TWX; 810-242-8777 


EASTERN AREA 
Advanced Micro Devices 
99 Powerhouse Road 
Suite 303 
Roslyn Heights, N.Y. 11577 
Tel: (516) 484-4990 

(516) 484-4991 
TWX: 510-223-0649 
Advanced Micro Devices 
6100 Baltimore National Pike 
Baltimore, MD 21228 
Tel: (301) 744-8233 
Advanced Micro Devices 
6806 Newbrook Ave. 
E. Syracuse, N.Y. 13057 
Tel: (315) 437-7546 
TELEX: 93-7201 
Advanced Micro Devices 
300 New Boston Park 
Woburn, Massachusetts 10801 
Tel: (617) 933-1234 
Advanced Micro Devices 
1001 N.W. 62nd Street 
Suite 300L 
Ft. Lauderdale, FL 33309 
Tel: (305) 771-6510 
TWX: 510-955-9490 
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Advanced Micro Devices 
International Sales Offices 


BELGIUM 
Advanced Micro Devices 
of eo Avenue de Tervuren 


1150 ‘Brussels, Belgium 
Tel: (02) 771 9993 
TELEX: 61028 


FRANCE 

Advanced Micro Devices, S.A. 
Sili¢ 314-Immeuble Essen 

20 Rue Saarinen 

$4588 Rungis Cedex, France 
Tel: (1) 686-91-86 

TELEX; 202053 


GERMANY 

Advanced Micro Devices 

Mikro Elektronik GmbH 

Herzog-Heinrich-Strasse 3 
Minchen 2 

West Germany 

Tel: Sammel-| Nr. (O 69) 539588 

TELEX: 0-§23883 


Advanced Micro Devices 

Mikro Elektronik GmbH 

Buro Norddeutschland 

cue strasse B1E 
lamburg 67 

Wena German 

Tel: 040-603059! 

TELEX: 0-21 Feta 


Advanced Micro Devices 
Mikro Elektronik GmbH 
Bro Sidwestdeutschid, 
Robert-Leicht-Strasse 120 
0-7000 Stuttgart-Vaihingen 
West Germai 

Tel: 0711-681001 

TELEX: 7-255680 


JAPAN 

Advanced Micro Devices, K.K. 

Dain Sayama Bidg., 8th Floor 

it nl mY Nishi- Shinjuku 
injuku- hu, ‘okyo 180 Japan 

Tel: pete Bi 

TEL! m4 Povey 


UNITED KINGDOM 
Advanced Micro Devices, U.K, Ltd. 
{8 Grosvenor Place 








don, SW. 1 England 
Tefal) 2359980 
235-6388 
1) 236-8380 
TELEX: 68-68-33 


International Sales Representatives and Distributors 


AUSTRALIA 

A.J. Ferguson Ltd. 

44 Prospect Ra 
Prospect, S. Australia 5082 
Tel: (8) 269-1244 

TELEX: 82635 


R and O Electronics 
Post Office Box 206 
Burwood 3125 
Australia 

Tel: (03) 2888232 
TLX: AA33288 


RandD Electronics 
P.O. Box 5) 

Crows Neat NSW 2065 
Sydney, Australia 

Tel: 4395488 

TLX: (790) 25468 


AUSTRIA 
Etbatex GmbH 
Breitenturtherstr. 381 
A-1235 Wien/Austria 
Tel: 869158 

869168 


863448 
TLX: 13128 


BELGIUM 

MCA Tronix 

62 Route Du Condroz 
4200 Ougree Belgium 
Tel: 041-362780 
TELEX: 42052 


OENMARK 
Advanced Electronic of Denmark 
Goathabsve) ? 

K-2000- aa 


Bonrvarx 
Tal: Hey (1) 19.443 
TLX: 055 + 224 31 : Advel DK 


eas, 
ome! 

ftaportti IC 

02210 Espoo 

Tel: (0) éa076 or 882875 
TELEX: 121926 


FRANCE 
A2M 


40, Rue des Tilleuls 
92100 Boulogne, France 
Tel: 603 66 40 

TELEX: AMM 200 491 


Radio Television Francaise 
73, Av. Ch. De Gaulle 
92202 Neuilly-sur-Seine 
Tel: 747-11 

TELEX: 611985 


Ropel S.A. 

Department Cesime 

Allee de ja Rochelle 
Centre Commercial NBR 3 


GERMANY 

Cosmos Electronic GmbH 
Hegelstrasse 16 

10-8000 Munich 83 

West Germany 

Tel: (089) 602088 
TELEX: 0-522545 


Cosmos Electronic GmbH 
Biro Bayern Nord 

8340 Neumarkt 

Kanalweg 33, West Germany 
Tel: 09181-9731 


EVB-Elektronik 
Gabriel Max Str. 72 
0-8000 Muenchen 90 
Tel: 089-644055, 
TELEX: 0-5245 


EBV-Elektronik 
Oststr. 129 

D-4000 Duesseldort 
Tel: 0211-84846 
TELEX: 0-8587267 


EBV-Elektronik 

In Der Meineworth 9A 
0-3006 Burgwedel 1 
Tel: 05139-4570 


EBV-Elektronik 
Myliusstr, 54 
D-6000 Frankturt 1 
Tel: 0611-720416 
TELEX: 0-413590 


EBV-Elektronik 
Alexanderstr. 63 
D-7000 Stuttgart 1 
Tel: 0711-24781 


Elbatex GmbH 
Cacilienstrasse 24 
0-7100 Heilbronn 
West German 
Tel: 0713-89001 
TELEX: 728-362 


Nordelektronik Vertriabs GmbH 
Langensaal 8 

0-2300 Kiet 14 

West Germany 

Tet: (0431) 21556 


Nordelektronik Vertriebs GmbH 
2085 Quickborn 
Harksheiderweg 238-240 
D-2085 Quickborn 

West Germany 

Tel: (04106) 2031 

TELEX: 0-214299 


HOLLAND 

Arcobel BV 

Van Almondestraat 6 

P.O. Box 344 

OSS 

Holland 

Tel: 04120-24200 
04120-27574 

TELEX: 50835 


HONG KONG 
Ace Enterprise 
Suite 1212 


INDIA 

Zenith Electronics 

541 Panchratna 

Mama Parmanand Marg 
Bombay 400004 

India 

Tel: 384214 

TELEX: 0113152 


FEGU 

260 Sheridan Ave. 
Palo Alto, CA 94306 
Tel: (415) 493-1788 
TELEX: 345-599 


Sujata Sales and Exports Ltd. 
11-2 Bajaj Bhavan 

Nariman Point 

Bombay 21, India 

Tel: 3254275 

TLX: 011-3855 


American Components 

1601 Civic Center Drive 
Santa Clara, CA 95050 
CABLE: ELCOMP 

TLX: 352073 


IRELAND 

ITT Electronic Services 
142 Phibsborough Rd. 
Phibsborough 

Dublin 

Ireland 


ISRAEL 

Talvitan Electronics 
P.O. Box 21104 

9, Biltmor Street 
Tal-Aviv, Israel 

Tel: 444572 

TELEX: VITKO 33400 


ITALY 

Indelco S.r.1. 

Via C. Colombo 
00147 Rome, ltaly 
Tel: 513 3041 
TELEX: $8233 


JAPAN 

Advanced Technology Corporation 
of Japan 

Tashi Bldg., 3rd Floor 

No. 8, Minami Motomachi 

Shinjuku-ku, Tokyo 160 Japan 

Tel: (03) 265-9416 

TELEX: (781) 22180 


Dainichi Electronics 
Kohraku Buildi 

1-8, 1-Chome, "Roraku 
Bunkyo-ku, Tokyo, Japan 
Tel: (03) 813- 


ISI Ltd. 

8-3, 4-Chome, lidabashi 
Chiyoda-ku, Tokyo 102 Japan 
Tel: (03) 264-3301 


Microtek, Inc. 

Ito Building 

7-917 

Nishishinjuku 

Shinjuku-Ku, Tokyo 160 Japan 
Tal: 03-363-2317 

TWX: J28497 


Dainichi Electronics 
Kintetsu-Takama Building 
38-3 Takama-Cho 
Narashi-Japan 630 


KOREA 

Saturn Trading Limited 
5 Palo Alto Square 
3000 El Camino Real 
Suite 1002 

Palo Alto, CA 94304 
Tel: (415) 493-0813 
Telex: 334467 


Caduceus Limited 

Room 508 

Sindo puicing 

65-4, 2-Ka, Chung Mu-Ro 
Chung-Ku, Seoul - Korea 
Tel: 777-2325 

TELEX: K26453 NAMSTRA 


NORWAY 
A/S Kjell Bakke 
Nygata 48 

. Box 143 
2011 Stroemmen 
Norway 
Tel: (02) 715350 


715351 
TLX: 19407 


SOUTH AFRICA 


South Continental Devices (Pty.) Ltd. 


Suite 516, Sth Floor 

Randover House 

Cor. Hendrik Verwoerd 

Dover Ad., Ranburg, Tvl. 

P.O. Box 56420, Pinegowrie, 2123 
South Africa 

Tel: 48-0515 

TELEX: 83324 


SOUTH AMERICA 

Intectra 

2349 Charleston Road 
Mountain View, California 94043 
Tel: 967-8818 


967-8825 
CABLE: INTECTRA 


SPAIN 

Electronic Services S.A. 
Adv. de Ramon y Cajal, 5 
Madrid 8 Spain 

Tel: 457-6615 

TELEX: 42207 


Regula S.A. 
Av. Ramon y Cajal § 
Madrid-16 Spain 


Sertein 

Julio Urquijo 12 

Bilbao-14 Spain 

Tel; 435 72 00 
435 72 09 


Regula S.A. 
Avda. Baro 19 
Barcelona, Spain 
Tel: 386 19 58 


SWEDEN 

Svensk Teleindustry 

Box 502 

162 05 Vallingby, Sweden 
Tel: vx 08-8! 5 

TWX; 13033 


SWITZERLAND 
Kurt Hirt AG 
Thurgauerstr. 74 
CH-8048 Zuerich 
Tel: 00411-512121 
TELEX: 0045-53461 


TAIWAN 
een International Corp. 


nd Floor 
977 Min Shen E. Road 
Taipei, 105 Taiwan, R.O.C. 
Tal: 768-1232 

CABLE: MULTIIC 


UNITED KINGDOM 

Dage International Ltd, 

Eurosem Division 

Haywood House 

High Street 

Pinner, Middlesex, HASSQA England 
Tal: 01-868-0024 

TELEX: 24506 


Phoenix Electronics 

3, High St. 

Carluke Lanarkshire 
Scottand 

Tel: Carluke 0555 71495 
TELEX: 77-9016 


Cramer Components Ltd. 
Hawke House 

Green Street 

Sunbury on Thames. 
Middlesex-Engiand 

Tel; Sunburyh (76) 85577 
TLX: 923592 


ITT Electronic Services 
Edinburgh Way 
Harlow, Essex 

CM20 2DE 

England 

Tel: Harlow 26811 


Quarndon Electronics 
(Semiconductors) Ltd. 





91300 Massy Est 363 Nathan Road Kanematsu-Denshi K.K. Tel: 459 33 00 Slack Lane 
France Kowloon, Hong Kong Takanawa Bidg., 2nd Floor 459 33 04 Derby DE33ED England 
Tel: (1) 920 82 89 Tel: 3-302925 19-26, 3-Chome, Takanawa 459 33 08 Tel: Derby 32651 
TLX: 220429 3-302927 Minatoku, Tokyo 108 Japan TELEX: 42 207 TELEX: 37163 
U.S. and Canadian Sales Representatives 
ALABAMA CANADA (Western) ILLINOIS S.A. Marketing Corp. NORTH CAROLINA Electronic Manufacturers Agents 


Electronic Manulacturers Agents 
2311 Starmount Circie, S. 
Huntsville, Alabama 35801 

Tel: (205) $39-6440 

TWX 810-726-2110 


CALIFORNIA 

(Northern) 

? Incorporated. 

455 Aldo Avenue 

Santa Clara, Calitomia 95050 
Tel: (408) 988-3400 

TWX: 910-338-0192 
Shipping: 

3641 Edward Avenue 

Santa Clara, California 95050 


Southern) 
stronics Inc. 

7827 Convoy Court 

Suite 407 

San Diego, Calitornia 92111 

Tel: (714) 278-2150 

TWX: 910-335-1267 


CANADA (Eastern) 
Vitel Electronics 
3860 Cote Vertu 
Suite 210 

St. Laurent, Quebec 
Canada H4R 1V4 
Tel: (514) 331-7393 
TELEX: 05-821762 
TWX: 810-422-3908 


Vitel Electronics 

701 Evans Avenue 

Suite 205 

Toronto, Ontario, Canada MSC 1A3 
Tel: (416) 622 6300 

TELEX: 66 vo7 ont 


By Over Sales 

P.O. Box 593 

(1645 Rambling Lane) 
Bellevue, Washington 98004 
Tel: (206) 454-4551 


R? Marketing 

P.O. Box 554 

Parker, Colorado 60134 
Tel: (303) 841-5822 


CONNECTICUT 

Scientific Components 

350 South Main Street 
Cheshire, Connecticut 06410 
Tel: (203) 272-2160 


FLORIDA 

Pyaae trees & Associates, Inc. 
235 South Ce Central Ave. 
Oviedo, Florida 32765 
Tel: (30S) 365-3283 
TWX: 810-856-3520 


Conley & Associates, Inc. 
1612 N.W. Second Ave. 
P.O. Box 700 

Boca Raton, Florida 33432 
Tel: (305) 395-6108 

TWX: §10-953-7548 


Conley & Associates, Inc. 
7515 North Armenia Avenue 
Tampa, Florida 33604 

Tel: (813) 933-1759 


Electronic Manutacturers Agents 
2800 Forest Vale Lane 

Suite Vi 

Roreroae? Georgia 30093 

Tel: (404) 448-2921 


Oasis Sales, Inc. 

2250K Landmeier Road 

Elk Grove Village, Illinois 60007 
Tel: (312) 640-1850 

TWX: 910-222-2170 


INDIANA 

G-S Electronic Sales, Inc. 
2122-A Miami Street 

South Bend, indiana 46613 
Tel: (219) 291-6258 

TWX: 810-299-2535 


C-S Electronic Sales, Inc. 
1157-B South Jackson 
Frankfort, Indiana 46041 
Tel: (317) 659-1874 


IOWA 

Lorenz Sales, Inc. 

Suite 302 Executive Plaza 
4403 First Avenue, S.E. 
Cedar Rapids, lowa 52402 
Tel: (319) 393-6912 


KANSAS 

Kebdco Manufacturers 

9813 England 

Overland Park, Kansas 66211 
Tel: (913) 649-1051 


MARYLAND 

Burgin-Kreh Associates, Inc. 
6100 Baltimore National Pike 
Baltimore, Maryland 21228 
Tel: (301) 788-5200 

TWX: 710-862-1450 


MICHIGAN 
4 a 1. fienelina Corp. 


Bion Michigan 48116 
(313) 227-1786 
Tx 810-242-1518 


2420 Burton Drive, S.E. 
Grand Rapids, Michigan 49506 
Tel: (616) 942-2504 


MISSOURI 

Kebco Manufacturers 

75 Worthington Drive 
Mariland Heights, MO 63043 
Tel: (314) 576-4111 


NEW MEXICO 

Suite 107, Building 2. 
Albuquerque, New Mexico 87110 
Tel: (505) 265-5655 

TWX: 910-989-1174 


NEW YORK 


Ossmann Component Sales Corp. 


280 Metro Park 

Rochester, New York 14623 

Tel: (716) 424-4460 

TWX: 510-253-7685, 

Ossmann Component Sales Corp. 
154 Pickard Building 

Syracuse, New York 13211 

Tal (315) 455-6611 

TWX: 710-541-1522 

Ossmann Component Sales Corp. 
5150 Genesee Street 
Bowmansville, N.Y. 14026. 

Tel: (716) 681-9700 

TWX: 710-263-1389 

Ossmann Component Saies Corp. 
1911 Vestal Parkway East 

Vestal, New York 13850 

Tel: (607) 785-9949 

TWX: 510-252-1987 

Ossmann Component Sales Corp. 
82 Fair Street 

Kingston, New York 12401 

Tel: (914) 338-5505 

TWX: §10-247-1941 


Burgin-Kreh Associates, Inc. 
P.O. Box 19510 

Raleigh, North Carolina 27609 
Tal: (919) 781-1100 

Shipping: 

3901 Barrett Drive 

Raleigh, North Carolina 27609 


OHIO 

Doituss-Root & Co. 
19035 Detroit Road 
Rocky River, Ohio 44116 
Tel: (216) 333-7504 
TWX: 810-421-8201 


Dolfuss-Root & Co. 
354 Sitvertree Lane 
Centerville, Ohio 45459 
Tel: (513) 433-6776 


PENNSYLVANIA 
(Western) 

acon Electronic Sales 
115 South High Street 
Waterford, Pennsylvania 16441 
Tel: (814) 796-2381 


(Eastern) 

GCM Associates 

275 Commerce Drive 

Ft. Washington, Pennsylvania 19034 
Tel: (215) 646-7535 

TWX: 510-661-0607 


TENNESSEE 

Burgin-Kreh Associates, Inc. 
P.0. Box 268 

12 Skyline Drive 

Kingston Heights, 

Kingston, TN 37763 

Tal: (615) 690-6100 


41701 Fox Ford Drive 
Knoxville, Tennessee 37922 
Tel: (615) 966-1286 


TEXAS 

Bonser-Philhower Sales 
13777 N. Central Expressway 
Suite 212 

Oallas, Texas 75243 

Tel: (214) 234-8438 


Bonser-Philhower Sales 
10405 Town & Country Way 
Suite 100 

Houston, Texas 77024 

Tel: (713) 467-4373 


UTAH 

ReM 

3688 W. 2100 So. 

Salt Lake City, Utah 84120 
Tel: (801) 972-5646 

TWX: 910-925-5607 


VIRGINIA 

Burgin-Kreh Associates, inc. 
P.O. Box 2557 

Memorial Professional Bldg. 
2511 Memorial Ave. 
Lynchburg, Virginia 24501 
Tel: (804) 845-5600 


WASHINGTON 
ene Electronics 
P.O. Box 3034 


Bellevue. WA 98009 
Tel: (206) 454-4594 
TELEX: 32-8951 
Shipping: 

1645 Rambli 
Bellevue, WA 








U.S. AND CANADIAN STOCKING DISTRIBUTORS 


ALABAMA 
Hamilton/Avnet Electronics 
805 Oster Dr. N.W. 
Huntsville, Alabama 35805 
Tel: (205) 533-1170 


Hall-Mark Electronics 
4739 Commercia! Drive 
Huntsville, Alabama 35805 
Tel: (205) 837-8700 
TWX: 810-726-2187 


ARIZONA 

Liberty Electronics 
8155 North 24th Ave. 
Phoenix, Arizona 85021 
Tel: (602) 249-2232 


Hamilton/Avnet Electronics 
2615 S. 21st Street 
Phoenix, Arizona 85034 
Tel: (602) 275-7851 

TWX: 910-951-1535 


CALIFORNIA 

Avnet Electronics 

350 McCormick Avenue 
Irvine Industrial Complex 
Costa Mesa, California 92626 
Tel: (714) 754-6084 

TWX: 910-595-1928 


Bell Industries 

1161 N. Fairoaks Avenue 
Sunnyvale, California 94086 
Tel: (408) 734-8570 

TWX: 910-339-9378 


Elmar Electronics 

2288 Charleston Road 
Mountain View, California 94042 
Tel: (415) 961-3611 

TWX: 910-379-6437 


Hamilton Electro Sales 
10912 W. Washington Blvd. 
Culver City, California 90230 
Tel: (213) 558-2100 

714) 522-8220 
TWX: 910-340-6364 

910-340-7073 

TELEX: 67-36-92 


Hamitton/Avnet Electronics 

575 East Middlefield Road 
Mountain View, California 94040 
Tel: (415) 961-7000 

TWX: 910-379-6486 


Hamitton/Avnet Electronics 
8917 Complex Drive 

San Diego, California 92123 
Tel: on 279-2421 
TELEX: 69-54-15 


Liberty Electronics 
8248 Mercury Court 
San Diego, CA 92111 
Tel: (714) 565-9171 
TWX: 910-335-1590 


Schweber Electronics 

17811 Gillette 

Irvine, Califomia 92714 

Tel: (714) 556-3880 
213) 924-5594 

TWX: 910-595-1720 


Liberty Electronics 

124 Maryland Avenue 

E! Segundo, CA 90545 

Tel: (213) 322-8100 

TWX: 910-348-7140 
910-348-7111 


CANADA 

Hamitton/Avnet Electronics 

2670 Paulus 

St. Laurent, Quebec, Canada H4S1G2 
Tel: (514) 331-6443 

TWX: 610-421-3731 


Hamiltton/Avnet Electronics 

6291-16 Dorman Road 

Mississauga, Ontario, Canada L4V1H2 
Tel: (416) 677-7432 

TWX: 610-492-8867 


Hamilton/Avnet Electronics . 
1735 Courtwood Crescent 
Ottawa, Ontario, Canada K2C3J2 
Tel: (613) 226-1700 

TWX: 610-562-1906 


RAE Electronics 

1629 Main Street 

Vancouver, British Columbia, 
Canada V6A2W5 

Tel: (604) 687-2621 

TELEX: 0454550 


Future Electronics 

5647 Ferrier Street 

Montreal, Quebec, Canada H4P2K5 
Tel: (514) 735-5775 


Future Electronics 

44 Fasken Drive 

Unit 24 

Rexdaie, Ontario, Canada 
Tel: (416) 677-7820 


Future Electronics 

130 Albert Street 

Ottawa, Ontario, Canada K1P564 
Tel: (613) 232-7757 


COLORADO 

Elmar Electronics 

6777 E. 50th Avenue 
Commerce City, Colorado 80022 
Tel: (303) 287-9611 

TWX: 910-936-0770 


Hamitton/Avnet Electronics 
5921 N. Broadway 
Denver, Colorado 80216 
Tel: (303) 534-1212 
TWX: 910-931-0510 


Century Electronics 

8155 W. 48th Avenue 
Weatridge, Colorado 80033 
Tel: (303) 424-1985 

TWX: 910-938-0393 


CONNECTICUT 


Hamitton/Avnet Electronics 

643 Danbury Road 
Georgetown, Connecticut 06829 
Tel: (203) 762-0361 


Schweber Electronics 
Finance Drive 

Commerce Industrial Park 
Danbury, Connecticut 06810 
Tel: (203) 792-3500 


Arrow Electronics 
295 Treadwell Street 
Hamden, CT 06514 
Tel: (203) 248-3801 
TWX: 710-465-6780 


FLORIDA 

Arrow Electronics 

115 Palm Road N.W, 
Suite 10 

Patm Bay, Florida 22905 
Tel: (305) 725-1480 


Arrow Electronics 

1001 N.W. 62nd St., Suite 402 
Ft. Lauderdale, Florida 33300 
Tel: (305) 776-7790 


Hamilton/Avnet Electronics 
N.W. 20th Ave. 

Ft. Lauderdale, FL 33309 

Tel: (305) 971-2900 


Schweber Electronics 
2830 North 28 Terrace 
Hollywood, Florida 33020 
Tel: (305) 927-0511 
TWX: 510-954-0304 


GEORGIA 

Arrow Electronics 
3406 Oak Cliff Road 
Doraville, GA 30340 
Tel: (404) 455-4054 
TWX: 810-757-4213 


Hamilton/Avnet Electronics 
6700 1-85 

Suite 2B 

Norcross, Georgia 30071 
Tel: (404) 448-0800 


Schweber Electronics 
4126 Pleasantdale Road 
Atlanta, Georgia 30340 
Tel: (404) 449-9170 


ILLINOIS 

Arrow Electronics 

492 Lunt Avenue 
Schaumburg, Illinois 60193 
Tel: (312) 893-9420 


Hamitton/Avnet Electronics 
3901 North 25th Avenue 
Schiller Park, illinois 60176 
Tel: (312) 678-6310 

TWX: 910-227-0060 


Schweber Electronics 

1275 Brummel Avenue 

Elk Grove Village, Illinois 60007 
Tel: (312) 593-2740 

TWX: 910-222-3453 


KANSAS 

Hall-Mark Electronics 

11870 West 91st Street 
Congleton Industrial Park 
Shawnee Mission, Kansas 66214 
Tel: (913) 888-4747 

TWX: 910-749-6620 


Hamilton/Avnet Electronics 
37 Lenexa Industrial Center 
8900 Pflumm Road 
Lenexa, Kansas 66215 

Tel: (913) 888-8900 


MARYLAND 

Arrow Electronics 

4801 Benson Avenue 
Baltimore, Maryland 21227 
Tel: (8301) 247-5200 


Hall-Mark Electronics 

665 Amberton Drive 
Baltimore, Mary!and 21227 
Tel: (301) 796-9300 
TWX: 710-862-1942 


Hamilton/Avnet Electronics 
7235 Standard Drive 
Hanover, Maryland 21076 
Tel: (301) 796-5000 

TWX: 710-862-1861 
TELEX: 8-79-68 


Schweber Electronics 

9218 Gaither Rd. : 
Gaithersburg, Maryland 20760 
Tel: (301) 840-5900 


MASSACHUSETTS 

Arrow Electronics 

96D Commerce Way 

Woburn, Massachusetts 01801 
Tel: (617) 933-8130 


Hamilton/Avnet Electronics 
100 East Commerce Way 
Woburn, Massachusetts 01801 
Tel: (617) 933-8020 

TWX: 710-393-1201 


Schweber Electronics 

213 Third Avenue 

Waltham, Massachusetts 02154 
Tel: (617) 890-8484 


MICHIGAN 

Arrow Electronics 

3921 Varsity Drive 

Ann Arbor, Michigan 48104 
Tel: (313) 971-8220 

TWX: 810-223-6020 


Hamilton/Avnet Electronics 
12870 Farmington Road 
Livonia, Michigan 48150 
Tel: (313) 522-4700 
TWX: 810-242-8775 


Schweber Electronics 


86 Executive Drive - Hoover Bldg. 


Troy, Michigan 48084 
Tel: (313) 583-9242 


MINNESOTA 

Arrow Electronics 

9700 Newton Avenue South 
Bloomington, Minnesota 55431 
Tel: (612) 888-5522 


Hall-Mark Electronics 

9201 Penn Avenue South 
Suite 10 

Bloomington, Minnesota 55431 
Tel: (612) 884-9056 

TWX: 910-576-3187 


Hamilton/Avnet Electronics 
7683 Washington Avenue South 
Edina, Minnesota 55435 

Tel: (612) 941-3801 


Schweber Electronics 

7402 Washington Avenue South 
Eden Prairie, Minnesota 55343 
Tel: (612) 941-5280 : 


MISSOURI 

Hall-Mark Electronics 
13789 Rider Trail 

Earth City, Missouri 63045 
Tel: (314) 291-5350 
TWX: 910-760-0671 


Hamilton/Avnet Electronics 
364 Brookes Lane 
Hazelwood, Missouri 63042 
Tel: (314) 731-1144 
TELEX: 44-23-48 


NEW JERSEY 

Arrow Electronics 

Pleasant Valley Road 
Moorestown, New Jersey 08057 
Tel: (609) 235-1900 


Arrow Electronics 
285 Midland Ave. 
Saddle Brook, NJ 
Tel: (201) 797-5800 
TWX: 710-988-2206 


Hamilton/Avnet Electronics 

218 Little Falls Road 

Cedar Grove, New Jersey 07009 
Tel: (201) 239-0800 

TWX: 710-994-5787 


Hamilton/Avnet Electronics 
113 Gaither Drive 

East Gate Industrial Park 

Mt. Laurel, New Jersey 08057 
Tel: (609) 234-2133 


Schweber Electronics 

43 Belmont Drive 

Somerset, New Jersey 08873 
Tel: (201) 469-6008 

TWX: 710-480-4733 


NEW MEXICO 

Century Electronics 

121 Elizabeth N.E. 

Albuquerque, New Mexico 87123 
Tel: (505) 292-2700 

TWX: 910-989-0625 


Hamilton/Avnet Electronics 

2450 Baylor Drive S.E. 
Albuquerque, New Mexico 87119 
Tel: (505) 765-1500 


NEW YORK 

Arrow Electronics 

900 Broad Hollow Road 
Farmingdale, New York 11735 
Tel: (516) 694-6800 


Hamilton/Avnet Electronics 
167 Clay Road 

Rochester, New York 14623 
Tel: (716) 442-7820 


Hamilton/Avnet Electronics 

70 State Street 

Westbury, L.I., New York 11590 
Tel: (516) 333-5800 

TWX: 510-222-8237 


Hamilton/Avnet Electronics 
6500 Joy Road 

E. Syracuse, New York 13057 
Tel: (315) 437-2642 

TWX: 710-541-0959 


Schweber Electronics 

2 Town Line Circle 
Rochester, New York 14623 
Tel: (716) 461-4000 


Schweber Electronics 
Jericho Tumpike 

Westbury, New York 11590 
Tel: (516) 334-7474 

TWX: 510-222-9470 

TWX: 510-222-3660 


Summit Distributors, Inc. 
916 Main Street 

Buffalo, NY 14202 

Tel: (716) 884-3450 


NORTH CAROLINA 
Arrow Electronics 
1377-G South Park Drive 
Kernersville, NC 27284 
Tel: (919) 996-2039 


Hall-Mark Electronics 

1208 Front Street, Building K 
Raleigh, North Carolina 27609 
Tel: (919) 832-4465 

TWX: 510-928-1831 


Hamilton/Avnet Electronics 
2803 Industrial Drive 
Raleigh, NC 27609 

Tel: (919) 829-8030 


OHIO 

Arrow Electronics 
23500 Mercantile Road 
Cleveland, Ohio 44122 
Tel: (216) 464-2000 
TWX: 810-427-9293 


Arrow Electronics 
3100 Plainfield Road 
Kettering, Ohio 45432 
Tel: (513) 253-9176 
TWX: 810-459-1611 


Hamilton/Avnet Electronics 
118 Westpark Road 
payer Ohio 45459 

Tel: (513) 433-0610. 
TWX: 810-450-2531 


Hamiltton/Avnet 

761 Beta Drive, Suite E 
Cleveland, Ohio 44143 
Tel: (216) 461-1400 


Schweber Electronics 
23880 Commerce Park R: 
Beachwood, Ohio 44122 
Tel: (216) 464-2970 


Sheridan/Cincinnati 

10 Knollcrest Drive 
Cincinnati, Ohio 45222 
Tel: (513) 761-5432 
TWX: 810-461-2670 


PENNSYLVANIA 
Hall-Mark Electronics 

458 Pike Road 

Pike Industrial Park 
Huntingdon Vatley, PA 1% 
Tel: (215) 355-7300 
TWX: 510-667-1750 


Schweber Electronics 
eee Petar 
rsham, Pennsylvania 

Tel: (215) 481-0600 


TEXAS 

Hall-Mark Electronics 
9333 Forest Lane 
Dallas, Texas 75231 
Tel: (214) 234-7300 
TWX: 910-867-4721 


Hall-Mark Electronics 
8000 Westglen 
Houston, Texas 77063 
Tel: (713) 781-6100 
TWX: 910-881-2711 


Hamilton/Avnet Electronics 
4445 Sigma Road 

Dallas, Texas 75240 

Tel: (214) 661-8661 
TELEX: 73-05-11 


Hamilton/Avnet Electronics 
3939 Ann Arbor Street 
P.O. Box 42802 

Houston, Texas 77042 
Tel: (713) 780-1771 


Schweber Electronics 
14177 Proton Road 
Dallas, Texas 75240 
Tel: (214) 661-5010 
TWX: 910-860-5493 


Schweber Electronics 
7420 Harwin Drive 
Houston, Texas 77036 
Tel: (713) 784-3600 


UTAH 

Century Electronics 

2258 South 2700 West 
Salt Lake City, Utah 84119 
Tel: (801) 972-6969 

TWX: 910-925-5686 


Hamitton/Avnet Electronics 
1585 West 2100 South 
Salt Lake City, Utah 84119 
Tel: (801) 972-2800 


WASHINGTON 
Hamitton/Avnet Electronics 
13407 Northrup Way 
Bellevue, Weenngion 98005 
Tel: (206) 746-87 

TWX: 910-443-2449 


Liberty Electronics NW 
1750 132nd Avenue N.E. 
Bellevue, WA 98005 

Tel: (206) 453-8300 


WISCONSIN 

Arrow Electronics 

2925 South 160th St. 

New Berlin, Wisconsin 53151 
Tel: (414) 782-2801 

TWX: 510-227-8390 
Hamilton/Avnet Electronics 
2975 Moorland Road 


New Berlin, Wisconsin 53151 
Tel: (414) 784-4510 


rd 


ADVANCED 
MICRO 

DEVICES, INC. 

901 Thompson Place 
Sunnyvale 
California 94086 
(408) 732-2400 
TWX: 910-339-9280 
TELEX: 34-6306 
TOLL FREE 

(800) 538-8450 
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